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GENERAL METHOD AND THERMODYNAMIC TABLES FOR COMPUTATION OF EQUILIBRIUM 
COMPOSITION AND TEMPERATURE OF CHEMICAL REACTIONS 1 


By Vtcam . N. Huff, Sanford Gordon, and Virginia E. Morrell, 


SUMMARY 

A rapidly convergent successive approximation process is 
described that simultaneously determines loth composition and 
temperature resulting jrom a chemical reaction. This method 
is suitable for use with any set of reactants over the complete 
range of mixture ratios as long as the products of reaction are 
ideal gases. An approximate treatment of limited amounts of 
liquids and solids is also included. This method is particularly 
suited to problems having a large number of products of reaction 
and to problems that require determination of such properties as 
specific heat or velocity of sound of a dissociating mixture. 

The method presented is applicable to a wide variety of prob- 
lems that include ( 1 ) combustion at constant pressure or volume; 
and (2) isentropic expansion to an assigned pressure, tempera- 
ture, or Mach number. Tables of thermodynamic functions 
needed with this method are included for 42 substances for con- 
venience in numerical computations. 

INTRODUCTION 

The theoretical performance of propulsion systems having 
high combustion temperatures can be calculated on the as- 
sumption that chemical equilibrium exists among the prod- 
ucts of reaction. The equilibrium composition and the tem- 
perature for a system of 'N products of reaction are deter- 
mined by the simultaneous solution of at least 1Y+1 equa- 
tions involving dissociation, mass balance, and energy or 
entropy balance. This calculation becomes increasingly 
difficult as N increases. 

Numerous methods for solving these equations may be 
found in the literature that provide a successive approxima- 
tion or trial-and-error process for determining the composi- 
tion at an assumed temperature and pressure. Examples of 
these methods are found in references 1 to 4. When it is 
desired to find the temperature of a system in equilibrium, 
with a parameter such as entropy or enthalpy assigned, the 
composition is usually computed at a sequence of tempera- 
tures that either converge to the correct temperature or are 
spaced to permit interpolation to obtain the correct tem- 
perature. 

A rapidly convergent successive approximation process 
that determines composition at an assigned temperature or 
that simultaneously determines both composition and tem- 
perature for assigned values of another parameter, such as 
enthalpy or entropy, was developed at the NACA Lewis 
laboratory during 1948 and is presented herein. This proc- 


ess also permits co'mputation of the partial derivatives 
required to compute such thermodynamic properties as 
specific heat and velocity of sound corresponding to chemi- 
cal equilibrium. The equations are derived that are re- 
quired for solution of the following cases: (1) combustion at 
constant pressure or volume; and (2) isentropic expansion 
to an assigned pressure, temperature, or Mach number. 
Examples are’ given for (1) constant-pressure adiabatic 
combustion; (2) isentropic expansion to an assigned pres- 
sure; and (3) isentropic expansion to an assigned Mach 
number. 

This method is particularly suitable for problems having 
a large number of products of reaction and for problems that 
require determination of partial derivatives. Although it is 
possible, at least in special cases, to devise a procedure that 
involves less numerical computation, the method presented 
is applicable in a wide variety of cases and its numerical 
application to a given process is always simple and essen- 
tially the same for all reactions. 

Tables of thermodynamic functions are needed for com- 
puting equilibrium compositions and temperature of chem- 
ical reactions. Tables containing the functions specific heat 
at constant pressure C°, sensible enthalpy H^—H £, and 
molar entropy exist for at least part of the desired tem- 
perature range for most of the substances of interest in the 
analysis of aircraft-propulsion systems. Several special 
functions are required for convenient use with the method 
described herein; tables were therefore prepared, from Jan- 
uary to June 1949, that contain, in addition to C°, H^—So, 
and St, assigned values of enthalpy and values of log K 


and 


—A ff° 

RT 


(logarithm of equilibrium constant and enthalpy 


change divided by gas constant times temperature, respec- 
tively, for reaction of formation of a substance from its 
elements. in atomic gas state). 

The data selected from various sources or computed by 
the NACA have been smoothed, interpolated to every 100°, 
and extended to 6000° E. A high degree of self-consistency 
has been main tained in the temperature range from 1000° 
to 6000° E by computing from specific-heat data the values 
of the other functions and retaining, in general, more decimal 
places than are significant. Interpolation formulas are 
given that permit computation of self-consistent values for 
all the functions at any temperature between 1000° and 
6000° E. 


1 Supersedes NAC A. TN 2113, “General Method for Computation of Equilibrium Composition and Temperature of Chemical Reactions” by Year! N. Huff and Virginia E. Morrell, 
1950, end NACA TN 2161, “Tables of Thermody namic F unctio ns for Analysis of Aircraft-Propulsion Systems” by Vearl N. Huff and Sanford Gordon, 1650. 
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GENERAL METHOD 

The thermodynamic state following a specific process, 
such as combustion at constant pressure, can be determined 
from an appropriate combination of the following equations: 
(a) dissociative equilibrium; (b) conservation of mass; 
(c) conservation of energy; (d) pressure; and (e) entropy. 
Equations (a) and (b) are used to specify chemical equilib- 
rium and, when used with any two of the remaining equations, 
define a process. 

The successive approximation procedure presented herein 
for finding the simultaneous solution of a specific combination 
of equations (a) to (e) consists of the following steps*: 

(1) Estimates of composition and temperature are made 
and used in simple equations to compute the values of error 
parameters, which indicate inconsistency among the estimates 
of composition and temperature. (These estimates need 
notbe based on previous experience, but for rapid convergence 
it is desirable that they be close to the final values.) 

(2) A set of linear simultaneous correction equations is 

given that determine a new composition and a new tempera- 
ture. - 

(3) The new composition is used to compute new values of 
the error parameters and step (2) is repeated until the desired 
accuracy is obtained. 

EQUATIONS FOR DISSOCIATION. MASS. PRESSURE. AND VOLUME 

The substances entering a reaction process will be desig- 
nated the reactants and can be represented by the equivalent 
formula 

Z.7 t ... 

• o 

where the subscripts a„, . . , are proportional to the total 

number of atoms of the elements Z, Y, ... , respectively, 
contained in a quantity of the entering substance at the 
initial conditions. (A complete list of symbols is included 
in appendix A.) For example, the reactants for a rocket 
combustion process using 3 moles of ammonia (NH 8 ) for fuel 
and 2 moles of nitric acid (HN0 3 ) for an oxidant are 

3NH 3 +2HN0 3 

An equivalent formula would be 

h„n 6 o 6 

where the atoms hydrogen, nitrogen, and oxygen, may be 
represented by Z, Y, and X, respectively, and 11,5, and 6 by 
a 0 , b 0 , and c 0 , respectively. The weight of the equivalent 
formula M r can be computed in the usual way and would be 
177.128. (If desirable, the quantity of substance in the 
equivalent formula may be chosen to correspond to a specified 
value of M r . For example, if M r is to be one gram, the 
preceding values would be divided by 177.128.) 

The reaction under consideration can be written 

A(Z #o F 3 0 • . . )-»»i(Z ttl Y bl . . . )+n 2 (Z 5s Zi 2 . . . ) + 

( 1 ) 

. . . +n t (Z ai Y i{ . . . ) 

where n t is the number of moles of the ith molecule or atom. 
The subscripts a ( , b it . . ., which can take on only positive 


integral values or zero, denote the number of Z, Y, . . . 
atoms in the ith molecule. For example, if Z, Y, and X 
again represent hydrogen, nitrogen, and oxygen, respectively, 
the values of a tl b t , and c { for a water molecule II s O would bo 
2, 0, and 1, respectively. It is assumed that tho products of 
reaction are contained by a volume V numerically equal to 
the gas constant R times the absolute temperature T so that 
for ideal gases 

j?i=n t 

During the solution of the problem, it is necessary to determine 
the number of formula weights of the reactants A that are 
required to balance the reaction given by equation (1). 
Products of reaction in the gas phase are assumed to be 
ideal gases that form ideal mixtures and each condensed 
phase is. assumed to have a partial pressure of zero, even 
when finely divided and suspended in the gas. For solids 
and liquids therefore 

Pt = 0 

As an approximation, the following assumptions are also 
made: Each condensed product is insoluble in all others; tho 
fugacity of each condensed phase is equal to 1 atmosphere; 
the total volume occupied by the liquids and solids is negli- 
gible with respect to the volume occupied by the gases; and 
the liquid and solid particles have the same temperature and 
flow velocity as the gases. 

Dissociation equations. — For simplicity of nomenclature 
and presentation, the equations for dissociation can be 
written in terms of the atomic gas as 

a t Z+b,Y+ . ■ . -*Z H Y h . . . (2) 

The corresponding equation for the equilibrium constant K t 
of gaseous molecules is 

*■- .A o» 

Pz Py ... 

For liquid or solid molecules, assuming the fugacity of each 
condensed phase is equal to 1 atmosphere, 

x. — —w , — W 

Pz Pr • • • 

where p z , Py, ... are the partial pressures of the Z, Y, . . . 
atoms in equation (1), respectively. The equilibrium con- 
stants can also be expressed in terms of the frce-cncrgy 
changes (XF° T ) { across the dissociation reactions represented 
by equation (2) or 

Because the trial composition may not correspond to that 
at chemical equilibrium, variables are conveniently de- 
fined so that for gaseous molecules (logarithms to the base 10 
are used) . _ _ 

S(=log pt—a ( log p z —bi log p Y — . . . -logisT, (6) 
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and for liquid or solid molecules 

$t=— a t log p z — hilogp r ~ . . . — log K f (7) 

where K t is defined by equation (5). The value of each S { 
must approach zero when the solution to the problem is found. 
Application of equation (6) or (7) to each product of reaction 
will result in one equation for each molecule considered since 
for atoms, 5, is identically zero. 

Mass-balance equations. — -A mass-balance equation stat- 
ing the conservation of atomic type can be written for each 
chemical element present. 


““ xl 

V 

Qflli 


i 




btUt 

(8) 


i 


where a, b, . . . are the number of gram atoms of substance 
Z, Y, . . . per equivalent formula required to form the 
products of reaction. A trial composition generally leads to 
values of a, b, . . . that differ from the desired values, of 
a 0 , b 0 , . . . but the difference will vanish when the correct 
composition is found. 

Total-pressure equation. — The total pressure P is the sum 
of the partial pressures 


method of adjustment when a logarithm of a negative 
number (or zero) might be required. 

Enthalpy of fuel and oxidant. — The enthalpy at initial 
conditions of the amount of fuel and oxidant corresponding 
to the equivalent formula Z ao Y b/s ... is denoted by h 0 
and is given by the expression 

h 0 =n r (Hl) f +n t (Hl) t (11) 

where n f and n t are the number of moles of fuel and oxidant, 
respectively, correspon ding to the equivalent fo rmu la Z~Yb 
. . . and (Hr)/ and (H£) e are the molar enthalpies of the 
fuel and the oxidant, respectively, at the initial conditions. 
The molar enthalpy H° r is defined by the equation 

H° T =j*CldT+H° 0 

where Cl is the molar specific heat at constant pressure, 
and El is the chemical energy of the substance at a tem- 
perature of 0° K. Values of Hi for several fuels and 
oxidants are presented with the tables of thermodynamic 
functions.' 

Enthalpy of products of reaction. — The enthalpy of the 
products of reaction per equivalent formula can be con- 
veniently represented by a variable h that is given by the 
equation 

^SCHrlfftt (12) 



( 9 ) 


For a process with an assigned pressure, the value of P 
must approach the assigned value P 0 as the solution of the 
problem is found. 

Constant volume. — For processes that occur at constant 
volume, the density of the mixture is constant. The density 
p is defined as 


AMr AM r 
p ~ V BT 


( 10 ) 


For a reaction process with an assigned density, the value of p 
must approach the assigned value p„ as the solution of the 
problem is found. 

COMBUSTION AT CONSTANT FBESSUBE 

For given initial conditions, the temperature and the com- 
position following a combustion process are to be found. 
When chemical energy is included in the enthalpy of each 
substance, the enthalpy of the products of reaction following 
an adiabatic combustion must be equal to the enthalpy of 
the reactants at the initial conditions. An arbitrary base 
may be adopted for assigning absolute values to the enthalpy 
of various substances because only differences are measura- 
ble. The base used to compute values of enthalpy H% was 
selected to produce positive values for all molecular types 
entering a combustion process in order to avoid a possible 
source of difficulty that might occur in the recommended 


When enthalpy is assigned, (for example, with adiabatic 
combustion) the difference betweeD h and the assigned value 
h a must vanish when the correct values of n { , A, and T are 
found. If heat were lost (nonadiabatic combustion;, the 
value of h 0 would be accordingly reduced,. 

Equations for constant-pressure combustion. — The equa- 
tions defining the constant-pressure combustion are: 

Type Number of. equations 

Dissociative equilibrium 1 for each molecular type. 

Conservation of mass 1 for each chemical element. 

Constant pressure 1. 

Conservation of energy 1. 

These equations are to be solved simultaneously for the 
variables n t , A, and T (p f =n t for gases). 

Correction equations. — Since the preceding equations are 
not all linear, it is usually not feasible to find a direct solu- 
tion. The Newton-Kaphson method for solving nonlinear 
simultaneous equations (reference 5) is well suited to this 
type of computation. This method can be illustrated by a 
simple example. If and are functions of q and r, 

Qi=Ji(g_,r) 

By taking estimated values, for example q e and r 0 , each func- 
tion may be expanded in a Taylor’s series about the point 
(go/o) and when derivatives of higher order than the first 
are neglected 
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A 2 +^Ar 


d 2 


Tlie desired changes Aft and Aft can be computed; if the 
partial derivatives can be numerically evaluated, solving for 
the approximate changes in 2 and r to effect simultaneously 
the desired changes in both ft and ft is comparatively simple 
because the equations are linear. 

If each of the functions 5 ( , a, b, . . ., P, and h given by 
equations (6) to (9) and (12) is expanded in a Taylor’s series 
about an estimated set of values of the variables and terms 
involving derivatives of order higher than the first are neg- 
lected, the following set of simultaneous linear correction 
equations results: 

For gaseous products 


Xi — (&i • • ■ — — <5 t 

(13) 

For solid or liquid products 

— &i Xz — — . • • — 

(14) 

For all products 

'V',a<n 1 x<—Aax i = 8„ 


'^ l btniXt—Abx /L =ii 

(15) 


—Sp 

^h/z i —Ahx A .+ TC'x t = 


(16) 

(17) 


where the correction variables and the error parameter may 
be defined in the logarithmic form 

r { =A log n t = A log p t 

x z , x Y , . . .=x t for atoms 

*a=A log A 

Xt=& log T 

— 8i—A6 t 

S a =Aa log^- 
S b =Ab log y 

S P =FIogJ - 
5 h = Ah log^ 


and where 2< =(^) h/=(Hl) t n ( , C'=^(On, 

The solution to the set of simultaneous equations relates 
the value of the X th estimate to the (r+l)* 1 * estimate as 
follows: 

log (n t ),*i=log (w t ) r +ri 
log (ri) r+I =log (A) t +x a 
log (T) r+I =log ( T) t +x t (18) 


The expansion in the Taylor’s series has been carried out 
in the logarithmic form because this form has been found to 
result in rapid convergence over a wide range of conditions 
and avoids the possibility of computing negative partial 
pressures: If the expansion is carried out in powers of 

x i = ~* or x t =n t A the same correction equations result 

as for the logarithmic variables except for the definitions of 
the correction variables and error parameters. Quite satis- 
factory results have been obtained by taking r,=— ' when 


x t is positive and £<=n t A 



when x t is negative. 


MATRIX CONSTRUCTION AND REDUCTION 

A coefficient matrix is a scheme of detached coefficients of 
a set of linear equations that are to be solved simultaneously. 
An augmented matrix is identical to a coefficient matrix 
except that the constants are included. Equations (13) to 
(17) constitute such a set of equations for the simultaneous 
determination of the variables x it x A , and x T . 

Construction. — Becauso of the large number of zeros occur- 
ring in the matrix, a considerable saving in effort can bo 
made by proper arrangement of the order of the rows and 
the columns. The following arrangement provides a partly 
symmetrical matrix that has been found to be among the 
easiest to evaluate as long as the products of reaction are 
principally gaseous and the dissociation constants arc 
expressed in terms. of the atomic species: 

The order of the columns should be — 

(a) Xi of gaseous molecules 

(b) Xt of atoms 

(c) Xt of liquid and solid products 

(d) Xa 

(e) x T 

(f) Constant terms of equations 

The order of the rows is — — - — 

(a) Dissociation equations in same order as gaseous 

molecules in columns 

(b) Mass-balance equations in order of atoms in columns 

(c) Dissociation equations for solid and liquid products 

in same order as solid and liquid in columns 

(d) Total-pressure equation 

(e) Heat-balance equation in combustion calculation 

The augmented matrix of equations (13) to (17) arranged 

in this recommended order is shown in figure 1 . 
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Equa- 

tion 

Gaseous molecules 

Atoms 

Solids or 
liquids 



XI 

Xj | 

- 

Xx 

u 

1 

H 

a 

xx 

XA. 

XT ^ 

Const 



' 


1 

0 

0 

-ai 

-bi 

— 

0 

0 

0 


—Si 


03) 


0 

I 

0 

-at 

-St 

-- 

0 

0 

0 

“tfl 

—Si 




. 0 

0 

— 

-- 

— 

— 

0 

0 

0 

— 

- 

a. 



ai.nL 

azm 


»z 

0 

0 

— 


—Aa 

0 

i. 

b 

(15) 


Mi 

Still 

- 

0 

nr 

0 

— 

bxnx 

-Ab 

0 


-- 




— 

— 

0 

0 

- 

- 

- 

- 

0 

- 

-- 

(14) 


0 

0 

0 

- 

— 

- 

0 

0 

0 

- 

- 

N 



0 

0 

0 


S.T 

- 

0 

0 

0 

ff.v 

&x 

P 

06) 


Pi 

Pi 

- 

P* 

Pr 

0 

0 

0 

0 

0 

h 

h 

(17) 


h' 

hi' 



hzT 

Sr* 

__ 



hi/ 

—Ah 

TC 

St 
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Figube 1. — General matrix of correction equations for adiabatic combustion at assi g ne d 
pressure. Equation (13), dissociation of gaseous molecules; equation. (15), mass balance; 
equation (14), dissociation of solids or liquids; equation (16), pressure; equation (17), beat 
balance. 


Solution.. — One of the best methods of solving simultaneous 
linear equations is given by Cront (reference 6). With this 
method, an auxiliary matrix is constructed from an original 
augmented, matrix by a simple routine. This auxiliary 
matrix is of the order equal to the original matrix. The 
solution for the set of equations can be obtained by a process 
of back substitution in the auxiliary matrix. 

For convenience, the order of the matrix is reduced before 
the Grout method is applied. A matrix arranged as recom- 
mended can be partitioned so that a unit matrix [U m ] of 
the order (m, m) appears in the upper left comer, where m 
is equal to the number of types of gaseous molecule. The 
original augmented matrix can then be written 



When the Cront method is applied to the original augmented 
matrix, the Grout auxiliary matrix can be expressed as 



where [Z7 m ], [a,], and [a»] are identical to the corresponding 
submatrices of the original matrix. By observing the oper- 
ations involved in the construction of the Cront auxiliary 
matrix, [aj is shown to be identical to the -auxiliary matrix 
of the augmented matrix [a®] defined by 

M =. M — M [ad (2 1) 

For computation, equation (21) is written 

M=t« 2 r «,] [-~^] (22) 
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(a) Soimatrir. ] 
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taken from lower portion ot figure I. 
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(b) Submatrix 


transposed (- 

1 — 1 
ft 

lT_i 

taken from figure I). 





Fiouee 2. — General Conn of sub matrices of correction equations for adiabatic combustion 
at assigned pressure. 


is constructed from [<*„]. The values of the variables x m+ i, 
. . . , a^v-f-a are found from [a*] by the process of back 
substitution given by Grout. The values of the remaining 
variables are found by the matrix equation 


~Xi~ 

=— [ai] 


_*Em_ 

- 

%JT+2 

1 _ 


(23) 


For illustration, the submatrices [ad, [a 2 ], and [a s ] were 
taken from figure 1 and used to construct figure 2. The 
submatrix [a 2 {ar 3 ] corresponds to equations (15), (14), (16), 
and (17) and is shown in figure 2 (a). The transposed matrix 


of 



is shown in figure 2 (b) ; that is, the columns have 


been tabulated as rows with the first column at the top. 


COMBUSTION AT CONSTANT VOLUME 


where [Z7*] is a unit matrix of order equal to the number of 
columns of [at]. The numerical solution is then obtained 
by carrying out the matrix multiplication indicated in 
equation (22) to find [cr 5 ]. The Crout auxiliary matrix [aj 

213637 — 33 54 


The procedure given for finding the composition and the 
temperature of a combustion process at constant pressure 
can be applied to combustion at constant volume with the 
following changes: 
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(a) The correction equation for pressure is replaced by a 
correction equation for density obtained from equation (10) 


X A — Z r =log — 
P 


(24) 


(b) The correction equation for conservation of energy 
must be written in terms of internal energy E a T and thus 
becomes 


^{E^iUiXi—Ae XA+T'^,(C°) { n i x T =Ae log ^ (25) 


where 


e=-j SCErhn, 


t, is the assigned internal energy per equivalent formula at 
initial given conditions, and C° is the molar specific heat at 
constant volume. Substitution of these two equations in the 
matrix of figures 1 and 2 (a) will permit the composition and 
the temperature to be found for assigned values of density 
and internal energy. The application of this method to 
constant-volume combustion, which, for example, is involved 
in reciprocating engines and pulse-jet engines, has not been 
made at the Lewis laboratory. 

ISENTROPIC EXPANSION TO ASSIGNED PRESSURE OR TEMPERATURE 

Assigned pressure. — The calculation of temperature and 
equilibrium composition of the products of reaction following 
isentropic expansion to a fixed pressure involves the simul- 
taneous solution of dissociation, conservation-of-mass, pres- 
sure, and entropy-balance equations. 

For the reaction of equation (1), the dissociation, conserva- 
tion of mass, and pressure equations (6) to (9) can again be 
applied. For the conditions following an isentropic expan- 
sion, the entropy s of the products of combustion per equiva- 
lent formula after expansion must be equal to the entropy 
of the products of combustion per equivalent formula 
before expansion. 

■So = )~T Rpi In Pi] 1 combustion (26) 

V " i ) conditions 

where (Sp) { is the absolute entropy of the product i at 
standard conditions. This formula is applicable to ideal 
solids and liquids, assuming p ( =0, as long as their volume is 
negligible. After the expansion takes place, the entropy per 
equivalent formula is given by the expression 


s=|^[S[»<(^)<— Pl]j 


exit conditions 


(27) 


Whereas equation (26) is, of course, evaluated at combustion- 
chamber temperature and pressure, equation (27) is evaluated 
for exit temperature and pressure. As the solution of the 
problem is found by successive adjustment of estimated 
quantities, the value of s approaches s 0 . 

In the adjustment of the values of n { , A, and T, the cor- 
rection equations (13) to (16), which have been derived from 
equations (6) to (9), can be applied. In addition, the fol- 


lowing correction equation for entropy can be written from 
equation (27): 

X 8/ x t —Asx A +C'x T =S, (28) 

where 

5, = As log J 

Si=(SZ) t n t — Rp t (l -hlnpO 

The row matrix of equation (28) shown in figure 3 may be 
substituted in place of the h rows of figures 1 and 2 (a) and 
the computation carried out as in the combustion calculation. 



Equa- 

tion 

8 

(28) 


[ 




at 1 ay' 


an' -Aa C 


.] 


Figure 3.— Row matrix to be substituted In place of h row In figure 1 and In figure 2 (a) 
tor Isentropic expansion to assigned pressure. Equation (28), entropy balance. 

Assigned temperature. — For the computation of data for 
enthalpy-entropy diagrams and for other practical computa- 
tions, it is often necessary to find the exit pressure and com- 
position as a function of exit temperature. The procedure 
required is the same as that described for isentropic expan- 
sion to an assigned pressure except that, in addition to 
substituting the s row in place of the h row, tlie pressure 
equation (p row) and the temperature column (x T ) arc 
dropped from the matrix of figure 1 ; accordingly, the p row 
and x T column are dropped from figure 2 (a) and the q row 
from figure 2 (b). 

ISENTROPIC EXPANSION TO LOCAL VELOCITY OF SOUND 

The tlieoretical^velocity of sound that includes the effect 
of dissociation can be computed at any point in a nozzle 
with a modification of the matrix previously derived to 
obtain thejcorrection quantities. 

Velocity of sound. — The velocity of sound u can be defined 


as 




(29) 


where the subscript s denotes the condition of constant 
entropy. The total differential of pressure dP can he found 
from equation (9). 

dP=^dp ( (30) 

and the total differential of density dp can be found from 
equation (10). 


Then 


dP 


d P Mr 
Therefore 


dp=^?dA-^dT 




(31) 


j a A M r 
RT RT 


« tbp'GSt-O 


w 


, /bP\ 

~VW.~AM t (D a - 1) 


(32) 
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where 


t) /' d log ?i A 
log TJ, 

/ d log AA 
L “V& log TJ, 


D. 


This expression will permit evaluation of u 2 , provided the 
values of the partial derivatives D c and D A are found for 
conditions of chemical equilibrium and for an isentropic 
process. If the value of T is in degrees Kelvin and p t in 
atmospheres the value of 8.3144X10 1 for R will give u in 
centimeters per second. The conditions of chemical equi- 
librium and constant entropy are introduced by writing the 
total differentials of equations (6) to (8) and (27). The total 
differential of these equations expressed in logarithmic vari- 
ables and divided by d log T can be written, for gaseous 
products, 


dlogp ( _ d log p z t d log p T 
d log T d log T 0i dlogT' 

for liquid and solid products, 

d log p z t, d log Pi 

J I rn 0 1 .7 1 _ 7f\ 


—a 


1 d log T dlogT 
and for all products of reaction. 


•— 2f= 


•— if- 


dSt 


dlogT 


dS, 

d log T 


(33) 


(34) 


StQTQ 

I 


d log n t A d log A , _ d log a 
dlogT Aa d log T~ Aa dlogT 

d log Al d log A „ dlog b 
dlogT At> dlogT ~ A0 dlogT 




d log T 


(35) 

(36) 


If d log a is taken as 0, s is a constant; if d log a, 
d log b, . . ., and d5 t are taken as 0, mass is constant, atomic 
• types are conserved, and rate of change in composition 
corresponds to constant values of S { . With these assump- 
tions the partial derivatives D t and D A may be substituted 
for the totaL derivatives in equations (33) to (36). The 
augmented matrix formed from these equations may be 
partitioned in a manner similar to the combustion matrix. 
The resulting submatrices are shown in figure 4 with the sign 
reversed. When D f and D A are determined by means of 
the matrices shown in figure 4, the velocity of sound can be 
calculated from equation (32) . This equation can be applied 
to mixtures of liquid and solid products in equilibrium as 
long as their volume is negligible compared with the volume 
of the gas mixture and provided the liquid and solid particles 
move in velocity and temperature equilibrium with the gas. 

Specific heat. — The molar specific heat at constant pressure 
of a mixture in equilibrium may be found from equation (12) 
as follows: 


aa (It|4)»+ 1,0 '] 


(37) 


-Di 


-Dt 


-Dz 


-Dr 


-Da 


-Da 


N 


«i»i ojni 

b&i bm, 




0 

0 


21 

6t 


0 0 

a o 

»»' — 


9 0 0 

o o a 

0 Q 0 


a k 
J*' 


bs 

fir' 


(a) Snbmatrix 


[“'hi- 


ss 

bi 


0 0 0 

0 0 0 

0 0 0 

tl tl — 


asns —Aa 
bans —Ab 

0 0 

0 0 

ts 1 —At 


0 

0 

0 

is 

C' 


(b) Submatlix 




transposed. 


FiguP-K 4. — General form of sabmatrfces of equations for partial derivatives at constant 

entropy. 


where n=’y^,n 1 . Equation (30) can be written as 


^ d log n t P d log P 
log T~ dlogT 


(38) 


If d log P is taken as 0, the pressure is constant; therefore, 
when equation (38) is substituted in the matrix of figure 4 

in place of equation (36), the values of and 

( % ?° g ^ can be found. These values can then be sub- 
V> log TJp 

stituted in equation (37) to evaluate 0°. 

Isentropic expansion to assigned Mach number. — Accord- 
ing to the law of conservation of energy the sum of the 
enthalpy and the kinetic energy of a certain quantity of gas 
at any point in a nozzle is constant. If this sum per equiv- 
alent formula at any point l is denoted by a parameter h*, 
then 


h*=[h+^M T v 2 fJ 

_ ^ Jl 


(39) 


where v is the velocity of flow of the gas, J" is a dimensional 
constant, and the subscript l indicates that the variables are 
evaluated at point l in the nozzle. The Mach number M 
of the flow is 


,, v 
M=- 
u 


(40) 


Equations (32), (39), and (40) may be combined to give 

^(H° r ) f 7i t WRT^ptDt 


h*=- 


2A{D a -1) 


(41) 
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where the value of R becomes 1.98718 (cal/(mole) (°K)). 
As the solution of the problem is found by successive adjust- 
ments of the estimated quantities, h* approaches Iv 
If equation (41) is expanded in a manner similar to that 
used to obtain equation (17) and if the differentials of deriva- 
tives are assumed to be negligible, the correction equation 
becomes 


where 


'£h i /, x t -Ah*x A +TC ff x T =h* (42) 

i 


i « i , , M 2 RTp t D t 
ht ~ hi + 2(D:-T) 


5*— Ah* log 


C"= 



M 2 Rp t D t ) 1 
2(D a -1)J 


Equation (42), together with equations (13) to (15) and (28), 
constitute the correction equations for the isentropic expan- 
sion to an assigned Mach number. The coefficients of these 
equations form the submatrices shown in figure 5. 

In order to carry out the numerical computations, values 
of n {> A, and T are estimated for the assigned conditions; 
the values of D { and D A are obtained by means of the sub- 
matrices of figure 4, and used to compute the numerical 
values of the elements of the bottom row of figure 5(a). 
The submatrices of figure 5 are then used to compute the 
values of the corrections to n ( , A, and T. This process can 
be repeated until the assigned conditions are satisfied. 


*1 

Xt 


| Xz 

Jr 

d 


XN 

Xa. 

XT 


I- 










-1 

«l»l 

ami 


nz 

0 

0 


a if Tin 

—Aa 

0 

S. 

Ml 

drill 



0 

0 

a 

0 

— 

buns 

-A6 

0 

0 


0 

0 

0 





0 

.0 

0 


— 

0 

0 

0 

tty 

b/i 

— 

o'. 

. . 0 

. 0 

fiy 

iff 

»l f 



Sz f 

8r' 

— 

— 

in' 

— Ai 

c 

*. 

hi" 

hi" 


hz" 

hr” 

— 

— — 

hs" 

-Ai* 

TC" 

**• 

L 










-1 



(a) Submatrix f a t • a i 

]• 





r- 










- 

ai 

as 


1 

0 

0 

0 

0 

0 

0 

0 

b, 

bi 

— 

0 

1 

0 

0 

0 

0 ’ 

0 

0 



— 

0 

0 


.0 

0 

Q 

. 0 

0 

0 

0 

0 

0 

0 

0 

— 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

Q 

?1 

fl 


a 

. 0 

0 

0 

0 

0 

1 

0 

Jl 

Jr 

— 

0 

0 

0 

0 

0 

0 

0 

1 


(b) Submatrix 


[ 9 ] 


transposed. 


Throat area of supersonic nozzle. — The process, of isen- 
tropic expansion to a local Mach number of 1 is particularly 
interesting in the determination of the throat area of a 
nozzle having greater than critical pressure ratio. By as- 
suming that the flow is isentropic and that chemical equilib- 
rium is maintained throughout the expansion process, the 
flow velocity v at the throat must be equal to the velocity 
of sound u at the throat. The values n f , A, T, and u can 
be found for a Mach number of 1 by use of the procedure 
given. 

The throat area t can be calculated from the equation 


t RT 
m AM r u 


(43) 


where m is the mass flow per second. If T is in degrees 
Kelvin and u is in centimeters per second, R equal to 82.0567 

(°K)"(mofe) ~ ^ Ve ^ ( cm2 ) ( sec ) /(g m ) ■ This equation 

can be applied to mixtures of liquid or solid phases in equi- 
librium provided, that the volume occupied by the liquid 
and the solid phases is negligible compared with that of 
the gas phase and that the particles of liquid and solid are in 
thermal and velocity equilibrium with the gas phase. 

EXAMPLE OF COMBUSTION OF DIBORANE WITH OXYGEN 

BIFLUORIDE 

The calculation of equilibrium temperature and composi- 
tion of the reaction of 1 mole of diborane (B a H a ) with 5 moles 
of oxygen bifluoride (OF a ) is illustrated in this example for 
processes of 

(a) constant-pressure adiabatic combustion 

(b) isentropic expansion to 1 atmosphere 

(c) isentropic expansion to the local velocity of sound 
An equivalent formula of these reactants is 


and o 0 =6, b 0 = 2, Co=10, and d Q —5. 

The following gaseous products will be considered as the 
products of reaction: boron trifluoride BF S , boron trioxide 
B 2 0 3 , boron fluoride BF, boron hydride BH, boron oxide 
BO, diatomic boron B a , hydrogen H a , water vapor H a O, 
hydroxyl radical OH, hydrogen fluoride HF, oxygen O a , 
fluorine F a ,. atomic hydrogen H, atomic boron B, atomic 
fluorine F, and atomic oxygen O. No liquids or solids are 
included. If the products are numbered in the order given, 
they can be identified in the terminology of equation (1) as 
follows: 

BF 3 =H 0 BiF 3 Oo 

and therefore 


Similarly, 


di=0, 6i= 1, Ci=3, and di=Q 


B 2 0 3 =HoB s F 0 0, 


Ficus e 5.— General form of submatrices of correction equations for Isentropic expansion to 
assigned Mach number. 


and 


d a =0, b t =2, c s =0, and d 2 = 3 
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AH values of a { , b it c { , and d ( for th is problem, together with 
the thermodynamic properties used, are listed in table I. 
Although these thermodynamic values and the enthalpies of 
B 2 H, and of 0F 2 have since been revised, and therefore do not 
correspond to the values listed in the thermodynamic tables 
presented in a later section, they are adequate for the purpose 
of this example. The enthalpy values used are 

(7^.i<OuqnidBiHa=570.149 kilocalories per mole 

Cf?i 28 . 3 ) liquid of, =67-077 kilocalories per mole 

The enthalpy of the amount of fuel and oxidant at initial 
conditions corresponding to the equivalent formula is, from 
equation (11), 


A„=570.149+5(67.077)=905.534 


kilocalories 
equivalent formula 


(44) 


.The values of a t , b { , c t , d t , and h e are constant for all parts of 
this example. 

COMBUSTION PROCESS 

The adiabatic combustion process was assumed to occur at 
a constant pressure of 20.4 atmospheres. 

First estimate. — From previous computations or from sim- 
ple calculations with equilibrium constants, estimating 
reasonable values for the composition and the temperature is 
usually possible. This procedure is recommended inasmuch 
as close estimates reduce the number of trials that must be 
made. In order to show that an arbitrary composition 
which is not based on probable final values of the composition 


can be used, however, the first estimates for this example for 
n t and A have been taken equal to 1 mole and a temperature 
of 4000° K. The possibility of divergence is discussed in a 
later section. All estimated quantities will be used with 
three decimal places to distinguish them from numbers, that 
are always integers. 

Evaluation of submatrices. — The numerical values of the 
elements of the submatrices shown in figures 2(a) and 2(b) 
can now be computed and are shown in figure 6. The steps 
are as follows: 

1. The values of a { , b ( , c t and d { are entered in rows a, b, 
c, and d of figure 6(b) and a 1 is entered on each square of 
the diagonal of [Ut] according to figure 2(b). 

2. Values of from tables of thermodynamic 


functions are entered in row q of figure 6(6). In this case 
they are obtained from table I. 

3. The values of the elements of the S row of figure 6 (b) 
may be computed from equation (6) for gaseous products 


5 t =log p t —a { log pa—h log p-B—Ct log pr—dtlogpo— lo gK t 


The values of log K t are obtained from tables of thermody- 
namic properties, in this case table I. Because all molecules 
aud atoms are estimated to be 1, their logarithms are 0 so 
that in this case 

St— — log K t 

4. The estimated values of ti ( are entered in row p of 
figure 6 (a). In case liquids or solids are present their value 
will be zero. 


Gaseoos molecules 

Atoms 


*BF, 

***Ot 

*BF 

*BH 

*BO 



r HjO 

■OH 

*KF 

n 

IS 

n 


*F 

■o 

*JL 

*T 

Const 


a 


0 

0 

0 

LOGO 

0 

0 

2.000 

2.000 

L 000 

L000 

0 

0 

looo 

0 

0 

0 

'-AOOO 

0 

-a 099 

b 


1.000 

2.000 

L000 

1.000 

LOOO 

2.000 

0 

0 

0 

0 

0 

0 

0 

LOOO 

0 

0 

-9.000 

0 

— 5.879 

c 


s.ooo 

0 

LOGO 

0 

0 

0 

0 

0 

0 

LG00 

0 

2.000 

0 

0 

LOOO 

0 

-8.000 

0 

0.77S 

d 


0 

3.000 

0 

0 

L 000 

0 

0 

L000 

1.000 

0 

2.000 

0 

0 

0 

0 

LOOO 

-9.000 

9 

—A 297 

P 


L000 

1.000 

L000 

■ 1.000 

LOGO 

1.000 

1.000 

LOOO 

1.000 

L000 

1.000 

1.000 

1.000 

LOOO 

LOOO 

LOOO 

0 

0 

1.688 

k 


.721 

2.334 

2.629 

3.569 

2.527 

5.720 

.995 

.577 

.765 

.320 

.378 

.960 

1.061 

3.177 

.826 

.794 

—27.840 

6.446 

—13.123 








CaJ Snbmatrix £ 

a a j «s]. 











a 
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0 

0 

1 

0 

0 

2 

2 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

fa 


1 

2 

1 . 

1 

1 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

c 


3 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

0 

0 

d 


0 

3 
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0 

1 

0 

0 

1 

1 

0 

2 

0 

0 

0 

0 

1 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

0 

0 

I 

0 

0 

q 


-62.075 

-80.693 

-17.288 

-8.300 

-18.183 

-7. 989 

-13.839 

-29.209 

-13.603 

-19.674 

-15.313 

-8.705 

0 

0 

0 

0 

0 

1 

0 

lA 


—5.005 

-5.109 

-1.634 

2.611 

-1.033 

2.763 

0.406 

0.347 

0.167 

-1.894 

0.380 

3.137 

0 

0 

0 

0 

0 

0 

1 


(b) Snbmatrtx transposed. 

Figube 0. — Numerical example of sobroa trices of correction efinatlons for adiabatic combustion of dfborane and oxygen, bifiuoride after first estimate of bj, A, and 2** 
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5. The values of the elements in rows a, b, c, and d of 
figure 6 (a), except columns x Al x t , and constant, are obtained 
by multiplying the value of n t by the value of the correspond- 
ing element of the respective row in figure 6 (b). For 
example, the entries in the first column are 0X1.000=0, 
1X1.000=1.000, 3X1.000=3.000 and 0X1.000=0. 

6. Values of the elements of row h of figure 6 (a), except 
columns x A , x T , and constant, are obtained by multiplying 
the value of iu by the value of from tables of thermo- 
dynamic functions, in this case table I. For example, the 
entry in the first column is 72,172X1.000=72,172. All 
values in row h have been divided by 10 s . 

7. The values of the elements of column x A figure 6 (a) ore 
obtained by summing elements to the left in each row and 
writing the negative of the total in column x A except for row 
p where the value is zero. 

8. The value of the x T column (fig. 6 (a)) is zero except for 
the h row where the value is T ^ (C£)<n<. The values of 

(Cl)i axe obtained from tables of thermodynamic functions, 
in this case table I. 

9. Values of the constant column for figure 6 (a) for all 
rows except row p are found as follows: The value already 
entered in the x A column for row a is —Aa. With the esti- 
mated value of A= 1.000 



8.000 

1.000 


= 8.000 


S a =Aa log ^ 

CL 


10. The constant column of row p is found as follows: 
The sum of the elements of row p is the pressure P= 16.000; 
S P is computed from the formula 

S P =P log ^ 

20 4 

fc= 16.000 log jJ^-1.688 

The matrix multiplication [c+aj] will result in the 

matrix [a e ] shown in figure 7 (a). The steps of this multipli- 
cation are shown in standard textbooks such as reference 7. 
Crout’s auxiliary matrix corresponding to [a 6 ] may then be 
constructed and is shown in figure 7 (b) and the values of 
x H , x Bl r F , x 0 , x A , and x T are shown in figure 7 (c). The values 
of the remaining functions are computed with the aid of 
equation (23). The solution is found to bo 


XbFj — 0.7056 

2'B 1 o s = — 1.100 
Xbf == 1.116 
Xbh™ 1.665 
^bo^O^ISS 
28,=“— 2.139 
0.03982 

XhjO = — 0.7999 
r^=0.1232 


Xok— 0.4907 
Xrrv~ 1 .377 
r Oj =0.1737 
2^=— 2.037 
r H = 1.299 
x b =0.9290 
x F = 1.222 
sr<>= 1.459 
rr=0.1544 


=8.000 log g^oo= — 0.999 


the values of S ir S c , 5 a , and 5* are found in a similar manner. 


Xk 

XB 

Tt 

xo 

Xa 

XT 

Const 

~ 12.000 

1.000 

1.000 

2000 

-2000 

-127.878 

1.391 . “ 

1.000 

13.000 

4.000 

7.000 

-9.000 

-282010 

-12322 

1.000 

4.000 

16,000 

0 

-a ooo 

-240.597 

-12 564 

1.000 

7.000 

0 

17.000 

-9.000 

-333.400 

-17.383 

a ooo 

0.000 

8.000 

9.000 

0 

-294. 8U 

-2 866 

2854 

28.736 

7.861 

12414 

-27.346 

-464.757 

-7.663 _ 

(a) 

Matrix Joi] 

obtained from matrix multiplication "] 


“ 12.000 

0.08333 

208333 

0.2500 

-0.5667 

-10. 056 

21169 “ 

1.000 

12.917 

0.3033 . 

0.5228 

—0.6451 

-21.085 

-1.373 

1.000 

8.917 

14.729 

-a 1660 

-0.3263 

-12004 

-2 6902 

3.000 

6.750 

-2297 

12.364 

—0.2745 

-14.727 

-28487 

8.000 

8.338 

4.807 

8.396 

ia 210 

-4.857 

a 8731 

2854 

27.908 

-1.366 

—4, 644 

-5.102 

172 652 

0.1644 _ 


(b) Matrix [crj] (Croat's auxiliary matrix of [«i]). 


rs 

XB 

xg 

xo 

XA 

XT 

1.299 

29290 

L 222 

1.469 

21232 

21644 


(c) Values of corrections (Croat's Anal matrix). 

Fiqub* 7. Numerical example of the solution of correction equations by matrix methods. 


These values are to be applied to the initial estimates for n t , 
A, and T according to the equation 

(log —(log nOflmt (45) 

estimate estimate 

For example, the second estimate of 7i BF , would he 
(log riBF^ -log 1.000+0.7056 

estimate 

( n BF s )..oood =5.077 

estimate 


The second estimates of th, A, and T are then used to set up 
new submatrices according to the procedure described. The 
process is repeated until the desired accuracy has been 
obtained. For this example, six approximations were re- 
quired to'give the following final .values of n t> A, and T: 


7z B Fj =2. 6593 
^BjO s = 0. 1235 
n BF =0. 1936 
71 B h =0. 0001 
7z. B o =0. 1669 


71ok — 0. 6785 
«hf=7. 1456 
71q 2 =0. 9210 
71f 2 =0. 0003 
n B =1.7694 


n B , =0 
71 bj =0. 1271 
=0. 0627 
A ‘ =1.6622 


7i B =0. 0577 

n F =1.3043 

n 0 =5. 1903 

T =4775. 5° K 
% 
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Discussion, of convergence. — In order to demonstrate the 
convergence of the process with large errors in the first 
estimate, the example of the combustion of diborane and 
fluorine oxide was solved by using 1 mole of each product, a 
value of 1 for A, and a temperature of 4000° K for the first 
estimate. Because these first es tima tes were made without 
regard for the probable final values, large errors were present 
in the second approximation and six approximations were 
required to eliminate the error. The convergence is shown 
in terms of the parameters a, 5, c, d, P, k, and e in the follow- 
ing table where e is defined as 


-? 


log l'i 


+ 


log- 


+ 


log-j3 + 




+ 


%7 


+ 




+ 


W xl 


RESULTS OF APPROXIMATIONS 




Trial number 



Param- 

First es- 






Desired 

eter 

Ornate 




i 


value 



i 

2 

c 

3 

4 5 

8 


a 

8 

S6.840 

T.005 

6. 286 

6.079 6.002 

6.000 

6.000 

b 

0 

23-346 

11.605 

2.053 

2.325 1 2.003 

2.000 

2.000 

c 

S 

51.540 

24.082 

13.104 

10.541 10.016 

10.000 

10.000 

d 

9 

29.641 

11.954 

33.660 

5.240 5.022 

5.000 

5.000 

p 

16 

125. 4S5 

38.000 

52.434 

21.416 20.436 

20.400 

20.400 

& 

2734,615 

12,055.015 

2090.090 

2909.950 

963.968 912.388 

905. 594 

905.534 

« 

26.892 

5.861 

4.092 

2.505 

1537 - 0U 

.002 

0 


This method has been used in routine computation for 
several years without encountering a divergent case in a 
practical problem. At least for special cases when tempera- 
ture is assigned, the process will converge for all values 
of the first estimates. Divergence is known to occur for 
certain cases where temperature is used as a variable when 
the first estimate of temperature and composition is suffi- 
ciently in error. Although no mathematical analysis has 
been made to determine the theoretical limits of conver- 
gence, the process appears to be satisfactory for practical 
computation. 

Special treatment would be required if divergence is 
encountered. Obtaining convergence should be possible by 
a sufficiently close new estimate of composition and temper-, 
ature. This procedure is recommended when it is feasible 
but other procedures can be devised, depending on the 
individual case. 

ISENTROPIC EXPANSION TO FIXED PRESSURE 

The temperature and the composition of the products 
of reaction following an isentropic-expansion ratio of 20.4 
at chemical equilibrium were also computed for the products 
of reaction of this example. The value of s 0 is found from 
equation (26) by using the final values of each constituent 
of the adiabatic combustion and the absolute entropy values 
corresponding to the final combustion temperature. The 
calculated value of s 0 was 763.476 calories per °K per mole. 

First estimates. — The number of approximations necessary 


for a complete calculation can be considerably reduced 
if the initial estimate is based on previous experience. The 
final values of n { and A determined for the combustion 
process of th is example can therefore be the basis for this 
first estimate. 

Because the expansion ratio is 20.4, the four largest 
components can be estimated to be 1/20.4 of their combus- 
tion value. 


7 Ibf s =0.1304 
7LrF = Q.3503 
71 h= 0.0867 
n o =0.2544 
.4=0.0815 

For convenience of presentation, the temperature was 
estimated to be 4000° K so that the values of table I could 
be used again. The remaining products can be estimated 
from the dissociation equations by setting log k { = 0. For 
example, p s would be determined with the assumed values 
of Phj r and ps, from equation (6) and table I (pt=nt) 

0 =log 0.3503— log 0.0867— log p r — 1.8944 
log ^=—0.45556+1.06198— 1.8944 
=—1.28798 


p r =0.0515 

Similarly, p B can be estimated with the assumed values 
of Pbf s and p s 

0=log 0.1304— log Pb- 3 log 0.0515—5.6953 
log Pb=— 0.88472+3.86394— 5.6953 
p B =0.0019 

If this procedure is followed for all the remaining constituents, 
the following list of first estimates can be made: 

TioH” 0.0 150 


Rbfj — 0.1304 
7Ib 2 Oj= 0.0078 
7^=0.0043 
tibh— 0 
7i B o=0.0053 
n Bj =0 

0.0029 
?1h 2 o= 0.0009 
+=0.0815 


tittf — 0.3503 
vio 2 =0.0269 
rc F2 =0 
71h= 0.0867 
7i B =0.0019 
« p =0.0515 
7io=0.2544 
jT=4000° K 


Construction of submatrices. — The construction of the 
submatrices may now be carried out and is shown in figure 8. 
The steps are the same as for the combustion example except 
for steps 6 to 9, which are different because the enthalpy equa- 
tion has been replaced with the entropy equation. 

The values of the elements of row s of figure 8(a) are ob- 
tained from the expression 


s/=n, [(Sr) i— 1.98718— 4.57565 log p t ] 

The values of (5.^) { are obtained from tables of thermo- 
dynamic data, in this case table I. For example, the entry in 
the first column is computed to be 

(sbf 3 )'=0.1304 (105.951— 1.98718-4.57565 log 0.1304) 
=14.0848 
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7. The values of the entries in the x A column of figure 8(a) 
are obtained in the same manner as for figure 6(a) except for 
the s row where the sum of the elements of the p row times 
1.98718 is added to the sum of the elements of the s row and 
entered in column x A . 

8. The value of the entries in the x T column is zero except 
for the s row where it is yin/Cth. The values of (C^)< are 

obtained from tables of thermodynamic data, in this case 
table I. 

9. The value of 5, is found in a manner similar to S a . 

ISENTHOPIC EXPANSION TO MACH NUMBER OF I 

The temperature and the composition of the products of 
reaction following an isentropic expansion to the local velocity 
of sound was computed for the products of reaction considered 
in this example, assuming chemical equilibrium. The value 
of s 0 is the same as that found for the isentropic expansion to 
1 atmosphere. 

First estimate. — For. simplicity, the same first estimates of 
1 mole, 1, and 4000° K, for n t , A, and T, respectively, were 
again made. 

Construction of submatrices. — The submatrices corre- 
sponding to figure 6 may be constructed and are shown in 
figure 9. 

The submatrices corresponding to figure 4 are first con- 
structed. The steps are the same as for figure 8 except that 
row p and the constant column are omitted. The matrix 


multiplication may then be carried out and the values of the 
partial derivatives D t and D A computed in a manner similar 
to the computation in the combustion example. These values 
of Di and D A together with (£?£)< are used to calculate the 
elements of row h* of figure 9(a) except columns x Al x r , and 
constant. For example, when the values of Z? B f 4 = 12.990 
and D a = 19.039 are used, the value of 

M 2 RTpm D s ? 

(W /= ( W+ 2(D?-lj ~ ' becomes 75,034=72,172+ 

1X1.98718X4000X1.000X12.990, ,, 

2(19.039-1) (cal) 

All values in row h* have been divided by 10 6 . 

The value of the element in row h*, column x A is the sum of 
the elements to the left. The element in rowh*, column x r 
is given by 

[ftiCOi+l 

and the value of the constant column is obtained as in the 
previous. examples. Matrix multiplication that was carried 
out for the determination of D { and D A values may now bo 
extended by an additional row and column and the value 
of as f , x A , and x T found as in the previous examples. These 
values may then be used to obtain the second estimates for 
n { , A, and T and the computation repeated until the desired 
accuracy has been obtained. 
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0.8608 

0 

0 

0 

0 

a 0516 

0 

-0.7973 

0 

0.00700 

d 


0 

0.0234 

0 

0 

0.0083 

0 

0 

0.0009 

a 0160 

0 

0.0838 

0 

0 

0 

0 

(12544 

-0.3528 

0 

0.02208 

P 


0. 1304 

0.0078 

0. 0043 

0 

0.0083 

0 

0.0029 

0.0009 

0.0180 

0.3803 

0.0269 

f 

0 

0.0867 

0.0019 

a 0616 

0.2844 

0 


0 

0.02506 

8 


14.0848 

0.9704 

Q.3W9 

0 

a 4137 

0 

a 1761 

a 0760 

1.0562 

2L4213 

2.0438 

0 

3.7438 

0. 1140 

2.8305 

13.2827 

-62.4108 

8.164 

0.09147 


(a) Submatrix 


[“’I"']- 


m 


0 

0 

0 

1 0 

0 

2 

2 

1 

1 

0 

°. | 

1 

0 

0 

0 

0 

0 

0 

b 


1 

2 

1 

1 1 

2 

0 

0 

0 

0 

0 

o i 

i 

0 

1 

0 

0 

0 

0 

0 

c 


3 

0 

1 

0 0 

0 

0 

0 

0 

1 

0 

2 ! 

0 

0 

1 

0 

0 

0 

0 

d 


0 

3 
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(b) Submatrli ra transposed. 

Fiovex 8.— Numerical example of submatrices of correction etruattons lot Isentropic expansion to I atmosphere for the reaction of dlborane with oxygen blfluortde after first estimate of 

no A, and T. 
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transposed. 


Figure 9. — X am erf cal example- of snb matrices of correction, equations for Isoitropic expansion to local velocity of sound for reaction of diborane and oxygen bffiuoride after first estimate of 

nc, A and T. 


TABLES OF THERMODYNAMIC PROPERTIES 

Tables of thermodynamic data, completed June 1949, are 
presented for the following substances: 

A Al(g) B C Cl E H er Li N 0 

Alls) B, CO Cl, F, H, F - LIE N, O, 

Al(liq) BF CO, CIF HCl Li+ LiH NO OH 

AIO BF, HF 

AI,0,(g) BH H,0 

AIjOj(s) BO 
Al,0 3 (liq) B,0,(g) 

BjOi(s) 

BjO,(Iiq) 

These tables are taken from NACA TN 2161 except that 
the values for BF have been revised. Many of the data in 
the tables are based upon estimated vibrational frequencies 
or insufficient spectroscopic or thermochemical data to pro- 
vide accurate data at high temperatures. Nevertheless, the 
data are considered sufficiently accurate for engineering eval- 
uations of performance of aircraft propulsion systems until 
better data become available. 

PREPARATION OF TABLES 

The values of enthalpy and entropy below 1000° K and 
the values of specific heat at all temperatures were based 
upon data taken from the literature or calculated by NACA 
from spectroscopic da'ta or estimated fundamental fre- 
quencies. The calculations were made by use of the accurate 
summation method described in reference 8 or by the use of 
the tables prepared by F. J. Xrieger of Douglas Aircraft 
Company, Inc. based upon a harmonic oscillator. The 


values of enthalpy and entropy above 1000° K were computed 
from the specific-heat data and these values were then used 
to compute the values of the remaining functions. 

The thermodynamic functions computed by NACA are 
based upon the fundamental constants from reference 9 and. 
are given in terms of the thermochemical calorie defined as 
4.18400 absolute joules (reference 10). 

Specific heat. — The specific-heat data were interpolated 
and extrapolated when necessary to obtain values of C° at 
298.16° K and every 100° from 300° to 6000° K. In many 
cases these Cl data were smoothed by the following method: 
Values of the first differences of C° v for 100° K intervals 
50° were plotted against temperature and a smooth curve 
drawn. New values of 0° were then computed from the 
values of 50° read from the curve. In some cases the new 
0° values were tabulated to more decimal places than the 
original data. Care was taken to see that the new Cl values 
were within about 1 or 2 units in the last tabulated place of 
the reference data in all but a few cases in which the refer- 
ence data were irregular. 

In order to minimize the labor required to integrate Cl 
to obtain the other functions, a linear variation of 0° was 
assumed by use of the equation 

0:= Cl +c 2 T . -(46) 

where Ci and c-. are constants evaluated for each 100° tem- 
perature interval above 1000° K. 
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The maximum difference between a smooth function repre- 
senting C° p and the series of 50 straight-line segments repre- 
sented by equation (46) is usually less than 0.005 percent at 
any temperature. In a few cases near 1000° K the error 
approaches 0.05 percent. 

Enthalpy and entropy. — The data for enthalpy and entropy 
below 1000° K were taken from the literature or computed 
at the Lewis laboratory and when necessary interpolated to 
give the values at 298.16° K and every 100° from 300° to 
1000° K. ' “ 

The values above 1000° K were obtained by integration of 
equation (46) for (7° using the constants for each 100° K 
temperature interval. 

The value of the change of enthalpy SH° T for a temperature 
change 8T= T— Tj is given by 

8H° T = [ T C° v dT=!T r bT (47) 

i 

where C„ is given by 

S-Gtti+J ST (48) 

and (Cl) i is the value of C° v corresponding to the temperature 
Ti. The corresponding change in entropy 8S° T is given by 

SS r = frY dT=c i 5 InT+C, 8T (49) 

where Sin T is given by 

Sln^lnT-InT, (50) 

Values of enthalpy and entropy for each 100° above 
1000° K were obtained by accumulatively adding to the 
values at 1000° K the changes of enthalpy and entropy 
computed for each 100° interval by means of equations (47) 
and (49). 

The values of enthalpy and entropy were computed to more 
decimal places than are tabulated and then rounded. Equa- 
tions (47) and (49) may therefore occasionally yield values 

that differ by one unit in the last tabulated place of enthalpy 
and entropy because of rounding. Inconsistencies from this 
source are unavoidable and are not considered in the following 
discussion. 

The representation of C° from 1000° to 6000° K by means 
of 60 straight-line segments permitted computation of self- 
consistent values of enthalpy and entropy but lead to values 
slightly different from those that would have resulted from a 
more laborious integration of a smooth C° function. For 
example, the values of enthalpy at 6000° K differ from those 
obtained by applying Simpson’s one-third rule by 0.0045, 
0.0012, 0.0038, and 0.0031 percent for H 3 0, H a , CO a , andBF,, 
respectively. ' 

In a few cases, discrepancies exist between the reference 
values of enthalpy and the values of enthalpy given herein 
that cannot be accounted for by the error resulting from the 
method of integration used. From an analysis of the values 
in the reference tables, these discrepancies appear to be 
caused by a combination of small inconsistencies and round- 


ing errors in the references. The maximum discrepancy 
noted in enthalpy occurred in H a O and was less than 0.25 
percent of the value of HI— Hi. 

Enthalpy HI . — For convenience of computation, tables of 
enthalpy HI, the sum of the sensible enthalpy III— Hi and 
chemical energy at 0° K HI, were prepared. An arbitrary 
base may be adopted for assigning absolute values to the 
enthalpy of various substances inasmuch as only differences 
in enthalpy are measurable. The base used in those tables 
was selected to obtain positive values for HI of the substances 
commonly used as rocket and ram-jet propellants and occur- 
ring in the products of combustion; it is shown in the follow- 
ing table: 


Base substance 

Phase 

Temperature 

no 

Enthalpy as- 
signed, HI 
(kcal/mole) 

A 

Gas 

0 

a 

AlFi 

Crystal 

298.16 

0 

BFi 

Gas 

0 

0 

COi 

Gas 

0 

0 

Cli 

Gas 

238.1® 

10 

HF 

Gas 

0 

0 

H,0 

Crystal 

0 

0 

LIP 

Gas 

298.16 

80 

N, 

Crystal 

0 

0 

0, 

Crystal' 

0 

0 


Oas 

0 

60 


In determining the value of HI to be assigned to a sub- 
stance having a known heat of formation, it is convenient to 
use the values of HI assigned to the elements as shown in 
the following table: 


Element 

Phase 

Enthalpy assigned, Hy 
(kcal/mole) 

0*K 

238.16* K 

A 

Gas 

0 

1.4812 

A1 

Crystal 

238.6251 

234. 0951 

B 

Crystal 


173. 3793 

C 

Graphite 

81. 9274 

92.1790 

Cli 

Oas 

7.8061 

10.0000 

Ft 

Gas 

60.9562 

63.0699 

Hi 

Gas 

67.4160 

69.4407 

LI 

Crystal 


132.2250 

N, 

Gas 

1.6982 

3.7715 

Ot 

Gas 

A 0362 

4.1109 

e- 

Gas 

60.0000 

61.4812 


For example, if the value of enthalpy HI to be assigned 
to H 2 0 (liq) is to be determined at 298.16° K, the reaction 
of formation would be _ 

Hj+^Oj-dEjO fsn 

and A H) is defined as 

AH° f = (H c r )n 2 o- (H°) H3 -i (H° T ) 0t (52) 

therefore, 

(i7° r ) H2 0= AH?+ (H° T ) Kt +\(ir T ) 0i (53) 

With the use of the value AHl= —68.3174 (kcal/mole), 
(H^ 1 ,) H2 o mj) =-68, 317.4 + 69, 440.7+|(4110.9) 
=3178.75 (cal/mole) 
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For convenience, the values of 3° T thus assigned to a num- 
ber of compounds have been computed with the aid of data 
from references 8 and 10 to 23 and are listed in table II. 
The energy of gas imperfections has been included in com- 
puting the values^ of 3° T assigned to the liquid phase of 
ammonia, n-butane, chlorine, hydrogen, and water. 

—A H°jBT and InE. — From the values of S° T and S C T ob- 
tained as previously described, the values of —AH°/RT and 
In K were computed for the reaction of formation of each 
substance from its dements in the atomic gas state. For 
example, the reaction of formation of H 2 0 is 

2H+0->H 2 0 (54) 

From the definitions of A H° and In K 


For example, for H 2 0 at 1573.4° E 

G p — =11.211 (cal/(mole) (°E)) 

H?=25, 202.3+11.211X73.4=26, 025.2 (cal/mole) 

By linear interpolation, 

E° t = 26,027.2 (cal/mole) 

Interpolation of entropy. — Self-consistent values of entropy 
may be obtained with the aid of equation (49), which may 
approximated by 

8S° T =C° 8 In T (60) 


a h° mw.-scBa.-oaa, 

ST- BT (s5) 

and 

. _ (S 0 r )H 2 O-2(S° r ) H -(^)o (£r r ) Hs O-2(H° r )H-(ir r )o 

InE= — ^ — (56) 

As shown by equations (3) and (4), K may be expressed in 
terms of partial pressures. For example, for gaseous H 2 0, 

Pb 2 q 

i \. 2/v, 

PaPo 

The values of In K have been converted to log K in the 
tables for convenience. 

INTERPOLATION OF TABLES 

Interpolation formulas are given that permit computation 
of self-consistent values of the thermodynamic functions at 
temperatures intermediate to those tabulated. Linear in- 
terpolation is recommended for simplicity, however, when 
a high degree of self-consistency is not required. Interpo- 
lation formulas such as those of Newton or Lagrange will 
give values near the self-consistent value. Inasmuch as the 
tables are based on linear variations in 0°, linear interpola- 
tion yidds self-consistent results for the C„ function. An 
example of the values obtained by the interpolation formulas 
given and by linear interpolation is shown for each function. 

Interpolation of specific heat. — The value of for any 
temperature T is given by 

(57) 

where (C£)i and (C°) 2 are the tabular values corresponding 
to the tabular temperatures 2\ and T 2 between which T 
lies and 8T— T— T x . For example, the value of C° for H 2 0 
at 1573.4° K is computed to be 

C; = 11.134+^|| (11.343-11.134) 


from which S? may be written 

S°=(S 0 t)i +C° 8 In T (61) 

where (S^L is the value listed at 

Equation (61) yields self-consistent values to within 0.0001 
(cal/ (mole) (°K)) for all substances tabulated at tempera- 
tures above 1600° K and for all substances except A1 2 0 3 
(s and g), BF„, B 2 O a (Iiq and g), C0 2 , and H 2 0 for tempera- 
tures from 1000° to 1600° E. For these substances, the 
error due to use of equation (61) does not exceed 0.0003 
cal/ (mole) (°E)), but equation (49) may be used if greater 
self-consistency is desired. 

For example, for H 2 0 at 1573.4° E, 

St— 59 .8687 + 1 1 .21 1 (In 1573.4-ln 1500) 
=60.4043 (cal/(mole) (°E)) 

By linear interpolation, 

5^=60.4010 (cal/ (mole) ( C E)) 

Interpolation of —A H°/RT and log K . — The values of 
—A H°IRT and log K for any temperature T are given by 


-A H° 

8T 

(r+‘) 

(62 

RT “V RT A 

100 

log E= (fog K) i- 

8T / 
100\ 

T +d ) 

(63) 


where (—AH°/RT)i and (log K) t are the values correspond- 
ing to Ti and where a, b, c, and d are interpolation coefficients 
corresponding to 2+ 

For example, for H 2 0 at 1573.4° E, 

^-76.36 1 5-AM(im® i +°.053i5)-72.8862 

By linear interpolation, 


= 11.287 (eal/(moIe) (°E)) 

Interpolation of enthalpy. — The value of H? for any tem- 
perature T is given by 

H;=(H° r ) 1 +Cp5T (58)' 

where (Hr)i is the value listed at T x and where 
Ti 0 

2 


—A 77° 

-^-=72.9433 

and for log K, 

logE=20.5727-^( i m^+0.02690)=19.0247 

By linear interpolation, 

log 2T=19.0501 
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SOURCES OF DATA 

A summary of the heat of formation and spectroscopic 
constants used in computing the tables and the references 
from which these data were taken are given in table III 
together with a summary of the source and the treatment of 
specific-heat, enthalpy, and entropy data. Additional dis-. 
cussion for a few substances follows. 

AbOaCs, liq, g). — The properties of A1 2 0 3 in the solid, 
liquid, and gaseous phases were approximated by starting 
with data at 298.16° K for the solid phase and computing the 
properties of each phase from specific-heat data and enthalpy 
changes associated with phase changes. The specific heat 
for the solid was computed from a formula for C° given in 
reference 27. The value of S° 20S . ia for the solid was taken- 
from selected values of National Bureau of Standards (issued 
undated but prior to June 30, 1948). The values of en- 
thalpy and entropy up to 1000° K were then found by inte- 
gration of the C° formula given in reference 27. The heat 
of fusion (AH' 0 fua ioo= 6000 cal/mole at 2320° K) was taken 
from reference 25. The Cl values for A1 2 0 3 (liq) above 2320° 
K were calculated from a formula based upon data given 
in reference 25. . . .. 

Inasmuch as data on gaseous AI s O, are unavailable in 
the literature, it was assumed that Cl values for Al 2 O a (g) 
are the same as those for B 2 0 3 (g) given in reference 29. 
The heat of vaporization (AH 0 v »p 0r i,ation= 115.7 kcal/mole 
at boiling point of 2980 ±605.. C). was taken from reference 
40. The uncertainty in the values given for entropy and 
enthalpy is estimated to be ± 10 percent. 

BF. — Since publication of Technical Note 2161, new 
thermodynamic data have been computed for BF based 
upon a '2 ground state and a dissociation energy of 4.3 
electron volts as quoted by reference 3(L 

BF3. — The thermodynamic functions of BF3 were computed 
by the rigid-rotator-harmonic-oscillator approximation with 
the following spectroscopic data given in references 31 and 41: 


Vibrational frequencies 

Moment of inertia 


B»F> 

(cm-') 

B«Fi 

(cm-') 

(g) (cm>) 


888 

888 

A-167.7X10-* 


091.3 

719.5 

I*-78.84XKH° 

Relative aeon 

1445.9 

1497 

/l=78.84XI0-« 

480.4 

482.0 


dance (percent) 

81.1? 

18.83 



B 2 0 3 (g). — The value for the heat required to convert solid 
B 2 O s at 0° K to gaseous B 3 0 3 at 1500° K listed in reference 
29 as 106.065 (kcal/mole) was used to compute the value of 
(H/joo) B^c*) • The values of OSukkObjO,;*) an d (Hi mo — H 0 ) Bjo,^ 
were taken from reference 29. The remaining values. of 
enthalpy and entropy were_computed by integration of the 

specific-heat data. . 

Cla and HC1. — The Cl data for Cl 2 and HC1 from 1000° 
to 6000° K were taken from unpublished data obtained at 
the Jet Propulsion Laboratory of the California Institute of 
Technology. 

C1F, F, and F - . — Recent spectroscopic and thermochem- 
ical measurements on compounds of fluorine (reference 42) 


have indicated that the values of the heat of formation of 
C1F, F, and F“ are considerably less than the values given 
in reference 18. In a communication in May 1949, Dr. F. 
D. Rossini of the National Bureau of Standards listed their 
best current estimate for the heat of formation of C1F and 
F as —13.2 and 17.8 (kcal/mole), respectively. In accord- 
ance with these new values, the value of the heat of formation 
of F - has been recalculated from data in reference 18. 

HF.— The values of Cl, H%, —HI, and SI for HF at 298. 1 6° K 
600° K, and every 1000° from 1000° to 6000° K were 
computed from spectroscopic data given in reference 36 
using the accurate summation process. Intermediate values 
of Cl were interpolated. Subsequent to the completion of 
computations for this substance, new spectroscopic data 
were made available by Dr. A. H. Nielsen of the University 
of Tennessee. Values of Cl, III— HI, and SI at 5000° K com- 
puted with these data differ from values herein by 1 percent 
for Cl, 0.2 percent for HI— HI, and 0.03 percent for SI. 

e", F - , and Li + . — The use of metals with low ionization 
potentials introduces the possibility of the formation of 
appreciable quantities of ionized products. Because the 
partial pressure of ions is expected to be small, the zero- 
pressure properties of electron gas e~ have been tabulated 
from reference 38. The properties of F“ have been computed 
on the assumption that only the ground electronic state is 
stable. (See reference 43, p. 218.) The contributions of all 
energy levels above the ground level to the thermodynamic 
functions of Li + are negligible. The value of C° tabulated 

for all these substances is - if. 

li. — In computing the thermodynamic functions of Li, the 
summation was carried over the first five energy levels. 

LiF. — Spectroscopic data for LiF gas were not found in the 
literature. A vibrational frequency for the ground state of 
1343 (cm -1 ) and a moment of inertia /„=15.415X10”' W 
(gm) (cm s ) were graphically estimated from a plot of force 
constants against difference in atomic number of the two 
elements composing the substances NaH, C a , and BeO, each 
substance_of which is isoelectronic with LiF. It is expected 
that the anharmonicity constant for LiF is sufficiently large 
to increase materially the computed value of the specific 
heat. The uncertainty in the value of the enthalpy and the 
entropy is estimated to be ±10 percent at 5000° K. 

LiH, — Spectroscopic data for LFH 1 given in reference 26 
were modified for the normal isotopic mixture Lill using 
relative abundance percentages of isotopes and atomic 
weights given in reference 44 (pp. 163 and 188, respectively). 
The value obtained for the vibrational frequency of the 
ground state of IAH is 1360.37 (cm -1 ) and for the moment of 
inertia is 3.77246X10 -40 (gm) (cm a ). 

H 2 0(s), N 2 (s), and 0 2 (s). — The heat required to heat solid 
H 2 0, N„ and 0 2 from 0° to 298.16° K in the natural state 
was taken from reference 37. 

New data. — Subsequent to the completion of the computa- 
tion for Hj, new values for Cl, internal energy E°—El, and S° T 
were published in reference 45 and differ from the values in 
this report at 5000° K by 0.5 percent for Cl, 0.1 percent for 
HI— Hi, and 0.02 percent for SI. 
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TABLES OE THERMODYNAMIC PROPERTIES 

The values of the functions of the 42 substances are given 
in tables IV to SLY at 298.16° K and every 100° from 300° 
to 6000° K together with interpolation coefficients for 
— A H°(RT and log K at every 100° from 1000° to 6000° K. 

Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, January 26, 1950. 


APPENDIX— SYMBOLS 


The following symbols are used in this report: 


A 

a,b. 


0° 

C',C" 

c: 

D 

E°r 

e 

F°r 

g 

HZ 

HZ 


TJ° E7° 
At t Atn 


A H° 
RT 

AH? 


h 

h',h" 

h* 

hcfk 


I 

J 

E 

liq 

M 

Mr 

m. 

N 


number of formula weights of reactants 
summation of each atomic type over products 
of reaction per equivalent formula; with 
subscript, number of atoms of each element 
within chemical formula; in thermodynamic 
tables, interpolation coefficients 
molar specific heat at constant pressure and 
standard conditions (cal/ (mole) (°K)) 
specific heat coefficient for matrix 
molar specific heat at constant volume and 
standard conditions 


0 P erat0r (xcff), 


molar internal energy at standard conditions 
internal energy per equivalent formula 
molar free energy at standard conditions 
gas phase, of substance 

chemical energy at 0° K and standard condi- 
tions (kcal/mole) 

sum of sensible enthalpy and chemical energy 
at temperature T and standard conditions 
(kcal/mole) 

sensible enthalpy at temperature T and 
standard conditions (kcal/mole) 
enthalpy change due to formation of sub- 
stance horn its elements in atomic gas 
state divided by RT 

enthalpy change due to formation of sub- 
stance from its elements in standard state 
(kcal/mole) 

enthalpy per equivalent formula 
enthalpy coefficient for matrix 
sum of heat and kinetic energies per equivalent 
formula 

ratio of Plauck’s constant times velocity of 
light to Boltzmann's constant, 1.43847 
(cm) (°K) 

moment of inertia (gm) (cm 2 ) 
dimensional constant 
equilibrium constant 
liquid phase of substance 
Mach number 

molecular weight of equivalent formula 

mass flow per second 

number of products of reaction 


n 

P 

P 

Q 

g_,r 

R 

SZ 


s' 

T 

t 



V 


r 

Z,Y, . . . 
x 

ai,a 2 , . . . 

A 

S 


ri,r 2 M2) 

*J2) 

a„ca c X, 

P 

Subscripts: 
a,b, . . . 

/ 

9 

l 

m 

o 

P 

s 

T 

...Y,Z 



number of moles 
total pressure 
partial pressure 
any function 

any variables; with subscript, matrix symbol 
.AH 

f° r RT 

universal gas constant, 1.98718 (cal/(mole) 

(°E)) 

molar entropy at standard conditions (cal/ 
(mole) (°K)) 

entropy per equivalent formula; in thermo- 
dynamic tables, solid phase of substance 
entropy coefficient for matrix 
temperature (°K) 
throat area 
unit matrix 
velocity of sound 
volume 

velocity of flow 

elements within representative chemical 
formula 

correction variables 

submatrices 

increment 

increment due to a temperature change; with 
subscript, error parameter 
total-error parameter 
spectroscopic constants 

spectroscopic constants 
density 

number of atoms within chemical formula 
fuel 

oxidant 

any point in nozzle 

number of types of gaseous molecule 

initial given condition 

constant pressure 

constant entropy 

temperature (?K) 

product index numbers (i) that designate 
atomic gases 
product index number 
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TABLE I— VALUES OF CONSTANTS FOE REACTION OF DIBORANE WITH OXYGEN BIFLUORIDE (B*H,+5F,0) 


— 

Product 

Fried 

Determined at estimated temperature of 4000° K 

/ - 

i 

bi 

ff{ 

Cf 

ii 

(fi?), 

kcal/mole 


m 

OTk 

k 

— - 

Equivalent 

formula 

0 

2 

6 

10 

5 

BFi 

1 

1 

0 

3 

0 

72.172 

-82.0753 

105.951 

19.738 

5.6953 


B20j 

2 

2 

0 

0 

3 

233.435 

-80.5932 

116.760 

25.660 

5.1094 


BF 

3 

1 

0 

I 

0 

262.961 

-17.2884 

73-904 

8.905 

1.0342 


BH 

4 

I 

1 

0 

0 

356.994 

-8.3004 

61.412 

8.826 

-2.6110 


BO 

5 

1 

0 

0 

1 

262.739 

-18.1834 

69.620 

9.066 

L0327 



B* 

6 

2 

0 

0 

0 

572.053 

—7.9892 

70.580 

8.823 

-2.7625 


H, 

7 

0 

2 

0 

0 

98.593 

-13.9385 

51.054 

9.151 

-a 4061 


HiO 

s 

0 

2 

0 

1 

67.706 

-29.2092 

72.458 

13.300 

-0.3470 

■ " — 

OH 

9 

0 

1 

Q 

1 

75.560 

-13.0031 

63.980 

a 165 

-a 1663 



HF 

10 

0 

1 

I 

0 

32.016 

-19.6736 

61.054 

9.045 

1.8944 


0* 

11 

0 

0 

0 

2 

37.310 

-15.3125 

70.7S3 

9.932 

— 0.3804 


Ft 

12 

0 

0 

2 

0 

96.012 

-8.7047 

70.813 

9.451 

-3.1373 


H 

13 

0 

I 

0 

0 

105.192 


4a 306 

4.968 

— 

- - - 

B 

14 

I 

0 

0 

0 

317.778 

— 

4a 549 

4.96S 



F 

15 

0 

0 

• X 

0 

82.601 


51.230 

4.974 




O 

16 

0 

0 

0 

1 

79.493 


51.479 

5.091 
















TABLE II— ENTHALPY Hr ASSIGNED TO SEVERAL SUBSTANCES 


Substance 

1 

Formula 

Phase 

Temperature 

ft) 

Heat of forma- 
tion, AJ3> (tea 11 
mole) 

Enthalpy assigned, 
Hy (kcal/mole) 

Reference 


CsHi ... 

Gas. 

293.16 

54194 

307.993 

11 



Liquid * 

191.7 


302.75 

12 

Air b 



298.16 

6 

3.8208 

13 


41 


298.16 

0 

234 6951 

10 


VTT, 


298.16 

— IL04 

95.01 





239.76 


e S8-9L 

10,14 


CffHiNHj 

Liquid 

298.16 

*8.18 

806-10 

r 14 




298.16 

-2a 812 

6S6.I0S 

12 



Liquid „ 

272.66 


•680.126 

12,14 


Cla— 


298.16 

0 

10.000 




239.11 


«46I 

15 


cif 3 . 

Liquid 

298.16 

•—32. 1 

67.5 



B1H4 


288.16 

7.5 

562.6 

16 




isa 63 


557.8 

16,17 




298.16 

-6.30 

459.53 

' H 


Ft. 


298.16 

0 

63-0699 





85.24 


60.04 

18 


FiO - 


' 298.16 

5.5 

'70.6 

18 




128.3 


06.4 

18 


AN-F-58 _ 


298.16 

—47.60 

1346.60 





298.16 

—53.63 

1147. 15 

i2 



Liquid- 

298.16 

—47.52 

99L64 

12 


NjHi 

Liquid... 

298.16 

12.05 

15470 

10 




298.16 

—57.95 

15a 20 

10 


Hi 


298.16 

0 

Qa 4407 





20.89 


0 67. 640 

19 


HsOj__ 


298.16 

-44.84 

28-71 

IS 


KHiOH. 

Liquid 

296.1 0 

—25.6 

82-6 

10 


TA 


298.16 

0 

132.2250 





459.16 


13453 

20,21 


LiBHi- 


288.10 

-44 15 

4X134 

22 


OH*. 


296.16 

—17.889 

213.171 

12 




111.67 


20a 71 

12 


CHjOH 


286.16 

—67.030 

17a 080 

23 


HNOj 


298.16 

-41.404 

L368 

10 


N,0, 


293.16 

2.309 

14802 

10 




294.31 


5-120 

10 


NFi 


298.16 

—27.2 

69-3 

10 




1441 


646 

10 


CHiNOi 

Liquid 

298.16 

-26.7 

170L6 

23 




298.16 

—59.74 

1302.66 

12 


Ot__ 


296-16 

0 

41109 





oa 10 


1.0314 

8.18 


O3 


298.16 

340 

40.2 

18 



LTouH 

162.05 


36.4 

18 




2SS.I6 

7.8 

1187.2 

10 

Tetranitromethane 

CCNOa)* 


296.16 

5 

121 

23 


HiO- 


298.16 

—57.7979 

13.6988 

18 



Liquid 

298.16 


"3. 1788 

18 


» For pressure of 900 mm Hg. 

b For composition consisting of following mole fractions: N*, 0.7S0881; Oj r 0. 209495; A, H 009324* COir 0- 000300. 
e Energy of gas imperfections Included. 
d Computed from neat of combustion. 

* Estimate based upon unpublished value of —26. 4 kcal/mole at 200° C obtained by Dr. Swinehart ofHarsh&w Chemical Compan 
f Based upon representative sample having molecular weight of 122 and hydrogen-carbon atom ratio of L942. 
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TABLE III— THERMOCHEMICAL AND SPECTROSCOPIC DATA AND REFERENCES FOR EACH SUBSTANCE 


Substance 

Phase . 

Heat of formation, AH/ 
(Ircal/mdle) 

Spectroscopic constants ' 

Eeference 

0 °K 

298.16° K 

co, —2 o>iXm 

(om-i) 

Moment ol 
Inertia 

(g&jg ?* 5 

Heat of 
formation 

Spectro- 

scopic 

constants 

Specific heat, 
enthalpy, and 
entropy 

(o° roio«p K) 

Specific heat 
( 1000 ° to 
6000° E 3 

A - 

Gas 

0 

0 




24 

(m) 


A1 

Gas.. 


07.60 



W 

24 

*5 

u 

A1 

Crystal 

6 

0 



$ 


A1 

Liquid 







26 

•‘26 

AlFi-. 

Crystal 


—829. 3 



(b) 


AlO 



87.8 

963 

43.8223 

Jbl 

28 

o 


A1.0, 

Gas 




(0 

AIiOi 

Crystal, a 


—399.09 


7 

w 


<27 


AlrOj 

Liquid 







B 



97.2 



28 

29 

(*) 

(*} 

B 

Crystal 

6 

0 



Bj 



124 



28 


>29 

o d c 
( 9 ) 

BF 



—16. 9308 

1304.84 

19.9465 

b 30 

f 30 

BFi 



—266.2 


28 

f ai 

M 

f.j 

BH 



73.8 

2268 

2.30939^ 

28 

26 

?. 


BO 

Gas. — 


- 6.2 


28 

c 29 


BeOj 

Qas 





(I) 



• d *29 

BzOj 

Crystal — 


-302.0 



28. 


29 

B,0, 

Liquid- 







a 29 


O 

Qas ------ 


171.898 



23 


11 


c 

Graphite 

6 

0 







CO 



—26. 4167 


T 

28 


32 


COj.. 

Gas 


—94.0518 



23 


32 


Cl 

Gas 

28.61 




33 


11 

• 4 f 11 

Cl,.... 

Gas 

0 



- 



11 

C1F._ 

F 

Gas__ 

Gas 

17.8 

-13.2 

773 

64.36 

ft 

34 

36 

(•) 
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: 

T, 

Gas 

a 

0 . 

860 

33.3504 


36 

M 

M 

H- 

Gaa 

61.620 



18 

32 
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Hi 

Gas.. — 

0 - 

0 





32 

a d r 19 

HC1 

Gas 


-22. 063 



11 


11 

HF 



—04.2 



18 

86 

(0 


H,0 

Gas 


-57. 7974 



18 

\( 

«1«11 

H,0 

Crystal 

-68.4360 
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H,0 
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-08.3174 



18 




r.. 

Gas 

0 

0 





<38 

38 

F- 


-78.6 




b IS 

(f) 


LP- 



101.4604 



h 24 

24 

. 

(»s 

LI 

Gas 


■ 30.160 



120 

24 


e> 

Ll 

Crystal 

0 

0 


- 




LiF 



—83. 766 

1343 

16.415 

i 20 

(0 

(•) 

(•) 

LIE 



25.4564 

1360. 37 

3.77246 

i 13 ® 

f 28 

. 

• 

N 

Gas - 

85.120 


10 

s 


N, 

Gas 

0 

0 





32 

•4*11 


Crystal 

— l m 2 
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NO.... 

aas... 

21.477 




10 


18 


O... 


68.586 



r 

32 


32 

« d g XI 

O, 


0 

6 




8 

«d tg 

O t . 

Crystal 

-2.0362 



- - - 

*37 


on: 


10-0 




18 


32 

• 4 I 11 










* Specific heat, enthalpy, and entropy at 298.10° and every 100° from 300° to 1000° and spedflo heat for each 100° from 1000° to 6000° K were computed from siiectrosooplo data given In 
reference listed by accurate summation method. 

t> Data from selected values of National Bureau of Standards Issued undated hut prior to June 30, IMS. 

' Graphically smoothed. 

1 Extrapolated. 

* Speoifle heat, enthalpy, and entropy at 2B8.16° and every 100° from 300° to 1000° and speciflo heat tor each 100° from 1000° to 6000° K were computed from spectroscopic data by rigid 
rotator-harmonic oscillator approximation. 

1 See discussion fn text. 

* Interpolated. 

h Computed with aid of data in reference listed. 

1 Unpublished data from Battelle Memorial Institute also used. 
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TABLE IV— THERMODYNAMIC PROPERTIES OF A (ARGON 

GAS) 

[Atomic weight, 33,844] 




/ cal \ / bcal A / kcal \ / cal \ 

Vmole C E/ vmole/ Vmole/ Vmole °K/ 


TABLE V— THERMODYNAMIC PROPERTIES OF A1 (GAS) 

[Atomic weight, 26.87] 






. Hr 

s? 

{ heals 

^ cal S 

Vmole/ 

(mole °KJ 

300.5416 


•302.1851 

80.3027 

302. 2M5 

39.3342 

302. 7118 

40.7943 

303.2150 

41.9170 

303.7169 

42.8304 

304,2156 

43.6007 

304.7146 

44.2670 

305.2131 

44.8541 

305.7112 

45.3790 

306.2001 

45.8535 

306.7068 

46.2865 

307.2044 

46.6848 

307.7018 ' 

47.0534 

308.1892 

47.3966 

308.0965 

47.7175 

309.1837 

48.0190 

308.6809 

48.3032 

310.1880 

48.5710 

310.6851 

48.8269 

311.1622 

49.0694 

311.6792 

40.3007 

312. 1763 

40.5210 

312*6733 

49.733L 

313.1703 

49.9360 


313.0673 
814* 1042 
314.6612 
315. 1682 
315.6552 


316.1522 

316.6183 

317.1464 

317. ms 

318.1400 


318.6384 

319.1359 

319.6337 

320.1318 

320.6301 


323.6303 
324.1328 
324. 6362 
325. 1408 
325.6105 


328.1536 
328. 8621 
327.1722 
327.6840 
328.1978 
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TABLE VI.— THERMODYNAMIC PROPERTIES OF A1 
(CRYSTAL) 


[Atomic weight, 26.87] 


T 

Cl 

( M \ 

/ kcal \ 
\moie/ 

Hj. 

f kcal \ 
\mole/ 

S? 

/ \ 

AH° 

RT 

log K 

Vmole°Ky 

Vmole °KJ 

0 


0 

233.6251 




298.16 

5.80 

1.0700 

234. 6961 

6.641 

113.9245 

41 3380 

300 

5.81 

1.0820 

234.7071 

6.082 

113.2214 

410354 

400 

0.24 

1.6860 

235.3111 

8.819 

84.7945 

29. 7284 

500 

6.40 

2.3210 

235.9461 

9.844 

67.7029 

213935 

600 

6.06 

2,8760 

23MR011 

11.013 

56.2898 

17.4927 

700 

6.88 

3.6530 


11070 

48.1210 

110077 

800 

7.15 

13630 

237.9781 

13.018 

41.9794 

11.4020 

900 

7.65 

5.0890 

238.7141 

18.864 

37.1822 

9.3752 

830 

7.90 

5.3240 

238.9491 

14.130 

35.9365 

8,8566 


TABLE VII— THERMODYNAMIC PROPERTIES OF At (LIQUID) 


[Atomic weight, 26.97] 


r 

(°K), 

O 

/ oal \ 

U\-H J 
/ kcal \ 

m 

S? 

/ cal \ 

AH' 

RT 


log K 

Slog IT- 


\mole °Ky 

V mole ) 

(mole) 

(mole »K ) 

a 

6 

c 

i 

930 

1000 

6.75 

7.8240 

24L 4491 

16.818 

34.5838 



8.8566 



6.84 

8.2990 

24L 9241 

17.810 

32,0993 

3271 

0 03246 

7.8061 

1414 

-0.01995 

1100 

6.066 

8.9893 

241 0144 

17.9078 

29.0932 

2974 

a 03217 

a 5400 

1285 

-0. 01953 

120u 

7.092 

9.6922 

243. 3173 

18. 5794 

20.5827 

2720 

.03228 

5. 4893 

1178 

—.01956 

1300 

7.218 

10.4077 

244. 0328 

19.1620 

24.4535 

2517 

.03174 

4.6027 

1087 

-.01923 

1400 

7.344 

1L1358 

244. 7009 

19.6916 

22.6239 

2337 

.03190 

3.8455 

1009 

— . 01887 

1500 

7.470 

11.8766 

245.6016 

20.2025 

21.0340 

2181 

.03198 

3.1917 

941 

-.01832 

1600 

7.696 

116298 

246.2549 

21 6886 

19.6389 

2045 

0.03180 

2.6219 

882 

—0.01812 

1700 

7.722 

13.3957 

247.0208 

21.1529 

18.4041 

1925 

.03165 

2.1212 

830 

— . 01811 

1800 

7.848 

141742 

247.7993 

2L 6978 

17. 3030 ‘ 

1818 

.03166 

1.6782 

784 

— . 01803 

1900 

7.974 

14 9653 

248.6904 

22.0266 

16. 8145 

1722 

.03190 

1.2836 

742 

— _M7flO 

2000 

8.100 

15.7690 

249.3941 

22.4377 

16.4210 

1636 

.08176 

.9302 

705 

-.01761 

2100 

8.228 

16.5853 

260. 2104 

22.8360 

146108 

1558 

0.03192 

a 6120 

671 

—0. 01740 

2200 

8.362 

17.4142 

251.0393 

23.2216 

18.8707 

1487 

.03188 

.3244 

610 


2300 

8.478 

18. 1867 

261.8808 

23.5966 

13.1923 

1423 

.03168 

.0632 

612 

-.01700 

2400 

8. 004 

19.1098 

251 7349 

23.9591 

12. 5077 

1363 . 

.03190 

-.1748 

586 

— . 01670 

2600 

8.730 

■ 19.9766 

153.0016 

24.3129 

11.9906 

1309 

.03174 

-.3926 

562 

-.01655 

2600 

8.856 

20.8558 

254.4809 

24 6577 

1L 4554 

1259 

a 03160 

—0.5921 

640 

—0.01630 

2700 

8.982 

2L 7477 

236.8728 

24. 9943 

10. 9575 

1212 

.03164 

-. 7758 

620 

— . 01631 

2800 

9.108 

21 6522 

256. 2773 

25.3233 

10.4930 

1169 

.03170 

-.9452 

501 

—.01616 

2900 

9.234 

23.5693 

. 257.1944 

25.6461 

10.0582 

1129 

.03147 

-1.1018 

483 

— . 01600 

3000 

9.300 

24 4990 

268. 1241 

26.9602 

9.6504 



-1.2468 
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TABLE VTH — THERMODYNAMIC PROPERTIES OF AIO (GAS) 


[Molecnlar weight, 42.971 


T 

CKJ 

< 

/ £cal \ 
Vmole/ 

H% 

(*2L\ 

Sr 

( <xl \ 

A 

RT 


log A 

SlosK— 


a 

b 


e 

i 

Vmole °Kj 

\.moIe °Kj 

0 


0 

272.4501 








28S.16 

7.3749 

2.1005 

274 6506 

52.1648 

149.9685 



59.5342 



300 

7.3820 

2.1140 

2745641 

52.2101 

148.0580 



59.1348 



400 

7.7510 

2.8711 

275.3212 

548856 

‘ 112.1309 



42.9281 



COO 

S.0424 

3.6615 

276.1116 

56.1482 

89.9293 


— 

33.1770 


— 

600 

8.2630 

4.4769 

276.9270 

57.6342 

75.1020 



26.6609 



700 

8.4035 

6.3101 

277. 7602 

5S.91S3 

64 4956 



21.9971 



aoo 

8.6122 

6.1662 

278.6063 

00.0479 

56.5311 



18.4930 



coo 

8.5924 

7.0116 

279.4617 

61.0653 

50-3305 



15.7629 



1000 

8.6529 

7.8740 

280.3241 

61-9639 

45.3658 

4*56 . 

0.01379 

13.6755 

1955 

a 01513 

1100 

8.6993 

8.7416 

281. 1917 

02.7908 

41.3011 

4054 

a 01097 

11.7831 

1779 

a 01320 

1200 

8.7356 

9-6134 

282.0635 

63.6493 

37.9118 

3719 

.00653 

10.2874 

1632 

.01202 

1300 

8.7095 

10.4884 

282.9386 

642496 

35.0425 

3435 

.00693 

9.0200 

1506 

.01066 

1400 

8.7878 

11.3060 

283.8161 

64.9000 

32.6820 

3191 

.00597 

7.9323 

1402 

.00923 

1C0Q 

8.8069 

12.2457 

284.6958 

65.5070 

30.4487 

2980 

.00470 

6.9884 

1309 

.00888 

1600 

8.8227 

13.1272 

2S5.5773 

66.0760 

23.5315 

2795- 

0.00388 

6.1614 

1228 

Q.OOS25 

1700 

8.8359 

14.0101 

286.4602 

66-6111 

28.9335 

2632 

.00306 

5.4308 

1167 

.00752 

1800 

8.8471 

148943 

287.3444 

67. 1165 

26.4682 

2*87 

.00245 

4.7806 

1094 

.00671 

1900 

8.8566 

15.7795 

288.2296 

67.5961 

24.16® 

2357 

.00190 

4.1980 

1037 

.00630 

2000 

8.8647 

16-6655 

289.1156 

68.0406 

22.9704 

2240 

.00163 

3.0732 

986 

.00588 

2100 

8.8718 

17.5524 

290.0025 

68-4822 

21.9081 

2134 

a 00130 

i 1977 

940 

0-00543 

2200 

8.8779 

18.4399 

29a 8900 

68.8951 

20.9368 

2037 

.00115 

2.7650 

sss 

.00517 

2300 

8. 8833 

19.3279 

2917780 

69.2S99 

20.0500 

1949 

.00102 

2.3694 

859 

.00508 

2400 

8.8880 

20.2185 

292.0666 

69.0680 

19.2369 

1869 

.00050 

2.0064 

824 

.00130 

2500 

8. 8922 

211055 

293.5556 

70.0309 

IS. 4858 

1795 

.00022 

1.0720 

‘ 791 

.00477 

2600 

8.8960 

21.9949 

2944450 

70.3798 

17.79S2 

1727 

-0.00013 

L303O 

761 

0.00465 

2700 

8.8993 

22.8847 

295.8348 

70.7156 

17.1587 

1603 

— .00023 - 

1.0768 

734 

.00416 

2S00 

8.9023 

23.7747 

296. 2248 

71.0393 

16.5350 

1605 

-.00065 

.8103 

708 

.00406 

2900 

8. 9050 

24 6651 

297.1152 

71-3517 

16.0122 

1560 

-.00087 

.5621 

884 

.00390 

3000 

8.9074 

25.5657 

298.0058 

71. 0636 

15. 4964 

1600 

—.00127 

.3302 

662 

.00375 

3100 

8.9096 

26.4466 

298.8967 

749458 

15.013S 

1452 

-0.00145 

0.1129 

010 

0.00380 

3200 

8-9116 

27.3376 

299.7877 

72.2287 

14 5615 

1407 

-.00156 

-.0909 

621 

.00362 

3300 

8.9134 

28.2289 

300.6790 

72.5029 

141367 

1385 

—.00177 

-.2827 

002 

.00364 

3400 

8.9150 

29.1203 

301.5704 

72.7690 

13.7370 

1326 

-.00216 

-.4634 

584 

.00364 

3500 

8.9166 

30.0119 

302.4620 

73.0275 

13.3608 

1289 

—.00236 

-.6339 

568 

.00352 

3600 

8.9180 

30.9036 

308.3537 

73.2787 

13.0046 

1254 

-0.00252 

-0.7952 

562 

0.00351 

3700 

8.9193 

31.7956 

304.2456 

73.5230 

12.0682 

1221 

-.00252 

-.9479 

538 

.00332 - 

3SOO 

8. 9!U5 

32.6875 

305.1376 

73.7009 

12.3*97 

1190 

-.00313 

-L0928 

524 

.00324 

3900 

8.9216 

33.5796 

300.0297 

73.9927 

12.0477 

1160 

-.00320 

-L2304 

511 

.00315 

4000 

8.9228 

84.4718 

306.9219 

74.2186 

11.7309 

1132 

-.00350 

-1.8613 

49S 

.00314 

4100 

8.9235 

35.3641 

807.8142 

74.4339 

1L4883 

1106 

-0.00393 

-1.4859 

486 

0.00319 

4200 

8.9244 

36.2565 

308.7066 

74.6539 

11.2289 

1061 

—.00420 

— 1.6048 

475 

.00303 

4300 

8. 9252 

37.1490 

309.5991 

74.3639 

10.9617 

1057 

-.00443 

-1.7183 

464 

.00295 

4400 

8.9260 

3S.0415 

310.4916 

75.0601 

10.7459 

1034 

-.00468 

-1.8267 

454 

.00291 

4500 

8.9287 

38.9342 

311. 3843 

75.2897 

10-5208 

1012 

-.00490 

—1-9305 

444 

.00288 

4600 

8.9274 

39.8269 

312.2770 

75.4859 

10.3057 

991 

-0.00515 

—2.0299 

434 

0.00296 

4700 

8-9250 

40.7166 

313.1607 

75.6579 

10.1000 

972 

-.00500 

-2.1252 

425 

.00286 

4800 

8.92S6 

4L6125 

314.0626 

75.8459 

9.9031 

953 

-.00579 

-2.2166 

416 

.00300 

4900 

8.9291 

42.0154 

3140655 

76.0300 

9.7144 

935 

—.00610 

-2.8045 

407 

.00900 

5000 

8.9296 

43.3SS3 

310.8484 

76.2104 

9.6335 

918 

-.00650 

. -2.3889 

400 

.00287 

5100 

8.9301 

442913 

316.7414 

76.3873 

9-8600 

901 

-a 00667 

—2.4702 

391 

0.00301 

5200 

8.9306 

45.1813 

317.8344 

76.5607 

9.1934 

SS0 

-.00707 

—2.5484 

384 

.00295 

5300 

8.9310 

46.0774 

318.5275 

76.7308 

9.0333 

871 

—.00740 

-2. 6238 

377 

-002S9 

5400 

8.9314 

46.9705 

319:4206 

76.6977 

8.8794 

857 

-.00782 

-2.6965 

369 

.00301 

5500 

8.9318 

47.8687 

320.3138 

77.0616 

8.7314 

843 

-.00314 

—2.7666 

363 

.00298 

5600 

8.9322 

48-7569 

321.2070 

77.2228 

8.5890 

830 

-0.00851 

-2.8844 

356 

0.00304 

5700 

8.9326 

49.6501 

322.1002 

77.3307 

8.4519 

817 

-.00876 

— 2.8999 

•>fQ 

UTS 

.00313 

5800 ‘ 

8.9329 

60.5434 

322.9935 

77.5330 

8.3198 

805 

-.00904 

-2.9632 

843 

.00316 

6900 

8.9332 

51 4367 

323.8S88 

77.6837 

8.1924 

793 

—.00947 

-3.0245 

337 

.00323 

6000 

8.9335 

52.3300 

324.7801 

77.8389 

8.0087 


— 

-3.0839 

— 

— 
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TABLE IX— THERMODYNAMIC PROPERTIES OF Al,Os (CRYSTAL, a) 


[Molecular weight, 101.(4] 







- 






T 

cl 

Hf-Hl ooo 

U°T 

St 

AH* 

-<Sfr 

■wCf*- 6 ) 

log K 

8 log A'- 

w(! ;+ ‘ < ) 

<°K) 

( asX \ 

/ teal 

/ teal \ 

/ cal N 

RT 






V mole °K / 

\ mole/ 

V mole/ 

\.mole “K/ 


a 

b 


c 

d 












268. 16 
300 
400 
500 

" 






























. . 

r 








.is 

— 

600 

700 

800 

000 

1000 











“ r 






























23,860 

0 

237.0838 

9L54S0 

286. 1479 

28,430 

0.10446 

951916 

12,409 

0. 01799 

1100 

23.784 

2.3887 

239.4396 

63.7939 

260.1980 

25,870 

0. 08207 

83.8927 

11,287 
ia 361 

5 01187 

1200 

24.064 

4.7406 

241.8304 

98.8741 

238. 6676 

23,736 

.08471 

74.4750 

.00779 

1300 

24.311 

7.1684 

244 2492 

97.8100 

220. 2352 

21,928 . 

.05209 

66.5049 

9,558 

.00516 

1400 

24. 610 

9.6064 

240.6902 

99. 6189 

204.6218 

20,373 

.04250 

69.0726 

8,878 

.00293 

1600 

24.672 

12.0858 

249.1493 

10L 3164 

190.8973 

19,026 

.03605 

63.7510 

8,288 

.00170 

1600 

24.806 

14.5394 

261. 8232 

102.9120 

178.9710 

17,840 

a 02935 

48.5063 

7,771 

500092 

1700 

24.918 

17.0264 

2641092 

104 4191 

108.4440 

16,805 

.02429 

43.9972 

7,315 

8,910 

.00021 

1800 

26.010 

19.8217 

258.6085 

105 8489 

169.0836 

15, 878 

.02056 

39.9331 

-.00054 

1900 

26.090 

22.0267 

269. 1106 

107.2003 

160.7062 

15 048 

.01760 

30. 2908 

5 547 

-.00100 

2000 

26.159 

24.6392 

261.0230 

108.4890 

143.1646 

14,300 

.01538 

33.0243 

5220 

-.00130 

2100 

25.221 

27.0882 

284.1420 

109.7180 

136.3397 

13, 023 

a 01353 

3a 0037 

5924 

-0.00133 

2200 

28.277 

29.6831 

280.6889 

110.8928 

130.1339 

13,008 

.01165 

27.3723 

5 656 

-.00160 

2300 

25.329 

32.1134 

209. 1972 

112- 0173 

124.4660 

12, 447 

.00965 

24.9152 

5410 

-.00197 

2400 

26.374 

34.8485 

271.7323 

113. 0962 

119.2707 

11,933 

.00780 

22.6630 

5188 

-.00210 

2800 

26.408 

37. 1878 

2742714 

li4 1327 

114.4897 

11,400 

.00601 

2a 6011 

4,977 

-.00193 
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TABLE X— THER1IOD YNAJHC PROPERTIES OF AI*Oj (GAS) 

(.Molecular weight, 101.941 







AH° 

RT 





T5o'(f +<i ) 



c5 

(las) 

Vmcle/ 

St 

'(-*)■ 

“ 100 (t 1 6 ) 

log E 

S log K— 


(mole °k) 

(mole °k) 

a 

6 

e 

d 


298.16 

18.8144 

0 

76.4666 

12.5 

1200.9468 



481.8955 




SCO 

18.9368 

0-0347 

76.5013 

12.6160 

1193.6027 



478.6965 




400 

23.3603 


78.6456 

18.7345 

895.7357 



349.0606 



Z 7" 

500 

25.5720 

4-6362 

81.1028 

24.2285 

716.6696 

— 

— 

27L2518 

— 


— 

600 

26.9132 

7.2851 

83.7317 

29.0179 

597.1339 



210.8803 




700 

27.8434 

10.0054 

86.4720 

33.2403 

51L 6641 



182.3381 




SOO 

28.5546 

12.8266 

89.2932 

37.0064 

447.5067 



154.6672 




900 

29.1383 

15.7121 

92.1787 

40.4041 

397.5684 



132.0781 



• 

1000 

29.6430 

18.6517 

95,1183 

43.6010 

357.5885 

35," §76 

j 0.11S65 

115.7171 

15,581 

-0.05115 


1100 

30.0960 

21.6886 

98.1052 

46.3475 

324.8553 

32,025 

0-10920 

10L6037 

14,164 

-0.05003 


1200 

30.5138' 

24.6891 

10L1357 

48.9841 

297.5586 

29,815 

-10186 

89.8510 

12,881 

-.05099 


1300 

30.9068 

27.7401 

104.2067 

5L 442I 

274.4452 

27,620 

.09723 

70.9143 

11,984 

-.05000 


1400 

31.2819 

SO. 6496 

107.3162 

53.7462 

254.6194 

25,653 

.09290 

71*4043 

11,127 

-.04840 


1600 

31. 6436 

33.9958 

110-4624 

55.9168 

237.4245 

23.94S 

.08950 

64.0367 

10,385 

—.04913 


1600 

31.9951 

37.1778 

113.6444 

67.9702 

222.3675 

22,454 

A0S777 

67.5942 

9,735 

-0-04857 


1700 

32.33S9 

40.3945 

116.8611 

59.9202 

209.0715 

21 f 137 

.08562 

6L9I63 

9,161 

—.04774 


1800 

3A 6766 

43.6152 

120 . ms 

61.7782 

197.2431 

19,966 

.08421 

4J18740 

8,652 

-.04769 


1000 

33.0094 

46.6295 

123.3961 

63.6539 

186.65X0 

18,917 

.08300 

42.36S6 

a 190 

-.04720 


2000 

33.3383 

50.24© 

120.7135 

65-2554 

177.1096 

17,973 

.08183 

3A3178 

7,785 

-.04004 

_ 

2100 

33.6639 

53.5970 

180.0636 

06. 8899 

108.4691 

17,119 

0.08114 

346573 

7,412 

—0.04549 


2200 

33.9870 

56.9796 

133.4462 

68.4634 

100.6006 

16,343 

.07995 

3L 3337 

7,074 

-.04495 


2300 

34.3076 

60.3943 

136.8609 

69.9812 

153.4210 

15,634 

.07958 

28.3030 

6,702 

-.04294 


2319. 57 

34.3704 

(EL 0663 

137.5329 

70.2722 

152.0S64 



27.7409 

— 



2600 

25.439 

39.7300 

276.8138 

1151 1299 

no. 0760 

11,024 

A 00414 

ia6788 

4,7S0 

-0.00209 

. - 

2700 

25.466 

42.2752 

279.3590 

116.0905 

105.9889 

10, 619 

-00300 

16-9083 

4,608 

00191 


2S0Q 

25.491 

44-8231 

281.9069 

117.0170 

102.1934 

10,243 

.00183 

15.2645 

4,444 

-.00201 


2900 

25.514 

47.3733 

284. 45n 

117. 9120 

98.6596 

9,892 

.00107 

13.7341 

4,291 

-.002ia 


3000 

25.634 . 

49.9257 

287.0095 

118.7773 

95.3611 

9,665 

.00012 

12.3059 

4148 

-.00216 


3100 

25.552 

62.4800 

289.563S 

119. 0148 

92.2755 

9,260 

-a 00105 

10-9700 

4*014 

-a 00218 

-s.-i’jr 

3200 

25.570 

53.0361 

292.1199 

120.4283 

89.3828 

8,974 

-.00209 

Q.HTB 

3,889 

—.00218 


3300 

25.585 

57.6939 

294.6777 

121.2134 

86.6655 

8,705 

■“.00299 

S.5415 

8,770 

-.00192 

‘ ‘ 

3400 

25.569 

60.1531 

297.2369 

12L9774 

84.1082 

a 452 

-.00386 

7.4346 

3,659 

-.00183 


3500 

25.613 

62.7137 

299.7975 

122. n97 

8L 6972 

8,214 

-.00187 

A 8910 

3; 555 

-.00190 

- 


25.624 

65.2755 

302.3593 

123. 4414 

79.4804 

7, OSS 

-0.00542 

5.4054 

3,455 

-a 00108 



25.635 

67.8385 

304.9223 

124.1438 

77.2669 

7,774 

-.00599 

44733 

3,362 

-.00164 


3S00 

25.645 

70.4025 

307.4863 

124.8273 

7A 2271 

7,572 

-.00664 


3,273 

-.00163 



26.655 

72.0675 

310.0513 

125.4936 

73.2922 

7,381 

-.00745 

2.7520 

3,189 

-.00145 


1 4000 

23.663 

76.5334 

312.6172 

128.1432 

71.4544 

7,199 

-.00815 

1.9568 

3,109 

-.00149 



25.671 

78-1001 

315.1839 

126.7770 

69.7067 

7,027 

—0.00899 

1.2000 


-A 00134 

r- 

4200 

25.679 

80.6876 

317.7514 

127.3957 

68.0426 

6,863 

-.00985 

.4792 

2,960 

-.00117 



25.687 

83.2359 

320.3197 

128.0001 

66.4564 

6,707 

— . 0IG62 

-.2080 

2,890 

-.00092 



25.693 

S5.S049 

322.SSS7 

128.5907 

64.9427 

0k 657 

- 0ULL 

-.3039 

2,824 

-.00075 



25.699 

88.3745 

325.4583 

129.1681 

63.4867 

6,414 

-.01185 

-L490T 

2,761 

-.00073 


4600 

25.706 

60.9447 

328.0285 

129.7330 

62.1142 

6,278 

-0.01214 

-2.0902 

2, 700 

-0.00057 

. 1 ~ 

4700 

25.no 

63.5154 

330.5992 

130.2859 

60.7909 

6,147 

-.01313 

-2.6641 

2,642 

-.00042 


4800 

25 . ne 

66.0867 

333.1706 

130.8273 

59.6234 

6,023 

-.01888 

-3.2141 

2,587 ' 

-.00036 


4900 

25.720 

98.6685 

335.7423 

13L3575 

58.3061 

5,903 

-.01440 

-3.7417 

2.533 

-.00020 


5000 

25.725 

10L 230S 

338.3146 

181.8772 

57.1419 

5,788 

— 01510 

-4.2481 

2,482 

-.00007 

- 

5100 

25.729 

103.S035 

340. 8873 

132.3867 

56.0221 

5,678 

-0.01582 

— 4 7347 

2,438 

a 00002 

— 


25.733 

106.3768 

343.4604 

132.8863 

54.9400 

5,572 

—.01642 

-5.2026 

2,386 

.00030 



25.737 

108.6501 

346.0339 

133.3765 

53.9m 

5,471 

—.01715 

-3.6529 

2,339 

.00045 

" 


23.741 

ILL 5240 

318.6078 

133.8576 

52.9151 

5,373 

-.01781 

-6.0866 

2,204 

.00071 



25.745 

114.0983 

35L1S21 

134.3300 

5L 9560 

5,279 

-.01838 

-6.5043 

2,252 

.00080 

• _x 

6 C00 

25.748 

110.6729 

353.7567 

134.7939 

51. 0317 

5,188 

-0.01908 

-6.9073 

2,211 

0.00091 

. — 

6700 

25.752 

.119.2479 

356.3317 

135.2497 

50.1400 

5,100 

-.01961 

-7.2961 

2,172 

.00102 



25.756 

121.8233 

358.9071 

135.6976 

49.2809 

5,016 

-.02017 

-7. one 

% 133 

.00117 


6900 


124.3991 

36L 4829 

136.1379 

4a 4509 

4,936 

-.02100 

-8.0343 

2,096 

.00137 


6000 

25.763 

126.9753 

364.0591 

186.5709 

47.6194 

— 


-8.3850 



■ 


TABLE XI — THERMODYNAMIC PROPERTIES OP AI»0» (LIQUID) 

[Molecular weight. 101A4] 



C% 

/ cal \ 

-^208.15 

/ fecal \ 
\moIe / 

Cm) 

Hi 

V, mole / 

S, 

^ cat \ 

A H° 

RT 

<-5S)-w(W 



log K 

^-isrOf-w) 




a 

6 

c 

d 

\moIe °E / 

Vmofe °K / 

2319.57 

35.79 

67.0670 

143.5336 

72.8593 

15A 7840 

15,513 

A04937 

27.7409 

8,606 

-0.05066 

■ ■ — : 

2400 

35.05 

60.9520 

146.4186 

74.0819 

145-6461 

1^995 

.04850 

25.5477 

e;44i 

-.05000 


2500 

36.15 

7A 5570 

150.0236 

75.5535 

139.4996 

14,396 

.04328 

23.0213 

G, 181 

-.04911 


2600 

36.35 

77.1820 

153. 6iS6 

76.9753 

133.9144 

13.844 

0.04759 

20.6931 

5.941 

—0.04807 


2700 

36.56 

8AS270 

157.2936 

78.3609 

128.7394 

13,332 

-04737 

18.5408 

5,718 

-.04704 


2800 

36.76 

84 4920 

160. 9586 

79.0837 

123.9306 

12,85S 

.04651 

16.5457 

5,512 

-.04829 


2900 

36.96 

88.1770 

164.6436 

80.97® 

119.4503 

12,410 

.04603 

14, ©IS 

Si 319 

-.04530 

- 

8000 

37.15 

9L 8820 

168.3480 

82.2329 

115.2650 

12,004 

.04554 

12.9636 

5,140 

-.04466 


8100 . 

37.36 

95.6070 

172.0736 

83.4543 

111.3478 

1L 618 

0.04506 

11.3502 

4,972 

-a 04395 

- 

3200 

37.55 

99.3520 

175.8186 

84. 6432 

107.6721 

11,257 

.04439 

9.8404 

4,814 

-.04309 


3300 

87.75 

103.1170 

179.6830 

8 AS 018 

104.2165 

IA918 

.04372 

8.4247 

4,666 

-.01235 

— 

3400 

37.95 

106.9020 

183.3686 

. 8 A 9317 

100.9615 

10,599 

.04322 

7.0947 

4,625 

-.04154 


3500 

38.15 

110.7070 

1ST. 1736 

88. 0347 

97.8901 

10,298 

.04264 

5.8431 

4? 395 

—.04103 

- 

3000 

38.35 

114.6320 

190.9986 

89.1122 

94.0669 

10,013 

0.04228 

4.6633 

4,271 

-a 04052 



38,65 

118.3770 

194.8436 

90.1667 

92.2384 

9,745 

.04163 

3.5495 

4, 153 

—.03979 



38.75 

122.2420 

198.7086 

91.1964 

8A 6323 

A 491 

.04101 

A 4964 

4, 042 

—.03921 



88.95 

126.1270 

202.5936 

92.2056 

87.1577 

A 250 

04040 

L4992 

3,936 

-.03870 


4000 

39.15 

13A 0320 

206.4986 

93.1942 

84.8048 


— 

.5539 

— 




* Enthalpy change in converting AI1O1 (crystal, a) at 298.18° to AbOi (liquid} at temperature Indicated. 
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TABLE XII— THERMODYNAMIC PROPERTIES OF B (GAS) 


[Atomic weight, 10.82] 


T 

(°K) 

C % ' 

h$-h% 

/ kcal \ 
Vmoley 

HI 

\moley 

S} 

/ csi \ 


\mole "K / 

0 


0 

269.0696 


298. 16 

4.9704 

1. 5097 

270.5793 

38.0493 

300 

4.9704 

1.5188 

270.5884 

36.0798 

400 

4.9693 

2.0158 

271.0854 

38.1096 

500 

4.9688 

2.5127 

271. 5823 

39. 2183 

600 

4.9686 

3.0096 

272.0792 

40.1243 

700 

4.9684 

3.5084 

272.5700 

40.8902 

800 

4.8883 

A0033 

273.0729 

41.5536 

900 

4.9682 

4.5001 

273.5097 

42.1388 

1000 

4.9082 

A99$9 

27A 0066 

42.0625 

1100 

4.9682 

5.4937 

27 A' 5633 

43.1360 

1200 

4.9681 

6.9905 

275. (KOI 

43.5683 

1300 

4.9081 

6.4874 

275.5670 

43. 9G69 

1400 

4.9681 

8. 9842 

276.0538 

44.3341 

1500 

4.9681 

7.4810 

276.5606 

44.6709 

1300 

A 9681 

7.9778 

277.0474 

4A 9975 

1700 

A 9681 

8.4748 

277.5442 

45.2987 

1800 

4.9680 

8.9714 

278.0410 

45.6827. 

1900 

4.9680 

9.4682 

278.5378 

45.8513 

2000 

4.9080 

9.9650 

279.0340 

46.1061 

2100 

A 9680 

10.4618 

279.6314 

46.3485 

2200 

4.9680 

10.9586 

280.0282 

46.5796 

2300 

4.9080 

11.4554 

280.6250 

40.8004 

2400 

4.9680 

11.9522 

28L0218 

47. 0119 

2500 

A 9680 

12.4490 

281.6186 

47. 2147 

2600 

4.0680 

12.9458 

282.0154 

47.4095 

2700 

4.9080 

IS. 4426 

282.5122 

47.6970 

2800 

4.9680 

13.9394 

283.0090 

47.7777 

2000 

4.9680 

14.4362 

283.5058 

47.9520 

3000 

A 6980 

1A 9330 

284.0026 

48.1204 

3100 

4.9680 

15.4298 

28 A 4994 

48. 2833 

3200 

A 9680 

15.9266 

284.9962 

48.4410 

S3 00 

A 9680 

16.4234 

285.4030 

48.5939 

3400 

4.9680 

16.9202 

286.9898 

48,7422 

3500 

A 9680 

17.4170 

286.4806 

48.8882 

3600 

A 9680 

17.9138 

286.9834 

49.0262 

3700 

A 9680 

18.4106 

287. 4M2 

49. 1623 

3800 

A 9680 

18. 9074 

287.9770 

49.2948 

3900 

A 9680 

19.4042 

288.4738 

49.4238 

4000 

A 9681 

16.9010 

288.9700 

49.5490 

4100 

A 9081 

20.3978 

289.4674 

49.6723 

4200 

4.9681 

20.8946 

289.9642 

49.7920 

4300 

4.9682 

2L3914 

290. 4610 

49.9089 

4400 

A 9082 

21.8888 

290. 9579 

50.0231 

4500 

4.9683 

22.8851 

291.4547 

60. 1348 

4600 

4.9685 

22.8819 

291.9515 

5a 2440 

4700 

4.9686 

23.3788 

292.4484 

50.8509 

4800 

4.9688 

23,8756 

292. 9452 

5a 4555 

4900 

A 9690 

24.3725 

293.4421 

50.6579 

5600 

. 4.9692 

24.8694 

293.9390 

5a 6583 

6100 

4.6694 

25.3664 

294.4300 

5a 7567 

5200 

4.9697 

25.8633 

294.9329 

5a 8632 

5300 

4.9701 

26.3603 

295.4299 

50. 9479 

5400 

4.9705 

26.8574 

295.9270 

51.0408 

5500 

A 9710 

27.3544 

296.4240 

51.1320 

5600 

4.9716 

27.8516 

296.9212 

61.2216 

5700 

4.9722 

28.3487 

397.4183 

51.3096 

5800 

4.9728 

28.8460 

297.9166 

61.3961 

5900 

4.9786 

20.3433 

298.4129 

61.4811 

6000 

4.9745 

29.8407 

298.9103 

61.5647 




GENERAL METHOD AND TABLES FOB COMPUTATION OF EQUELEBSItTM COMPOSITION AND TEMPE R A TUBE 

TABLE XHI— THERMODYNAMIC PROPERTIES OF Bo (GAS) 

Otolecalar weight. 21.64] 



c; 

/ cal \ 

/kcal\ 

/kcaIN 

Sf. 

/ ca! \ 



- ST ( tt 4-b\ 


X Trier C JU ! \ 

T 

AH' 

A rt) 

100 V.t’v 

log K 


100 \T l J 

CK) 

RT 





\mole °K/ 

VmoW 

Vmole/ 



a 

b 


C 

d 




468.6652 
47U. 75S6 
470.7720 
471. 5192 
472.2990 








296.10 

300 

400 

500 

7.286 
7.295 
7.645 
. 7.950 

2.0934 
2. 1068 
2.8540 
3.6338 

a. 652 

48.097 

50.844 

52.5S4 

118.8190 

118.0983 

88.8842 

7X3228 



4a 2160 
45 lS995 









33.0562 

25.3251 



- 



— 

600 

700 

aoo 

900 

1000 

8.165 

8.330 

8.460 

8.540 

8.608 

4.4398 

5.2646 

6.1042 

6.9537 

7.8115 

473.1050 

473.6298 

474.7604 

475.61S9 

476.4767 

54.062 
55.323 
5a 444 
57.445 
58.348 

59. 5932 
6X2012 
44.8980 
39.9899 
3a 0693 

— 

— 

20.155S 
ia 4542 
13.6718 
1X5032 

. . . _ 

— 

3520 

0.01325 

9.7643 

1552 

0.01399 

1100 

8.665 

8.6751 

477.3403 

50.1711 

32.8406 

3209 

0.01003 

8.8397 

1413 

0.01210 

; 1200 

8.704 

9.6436 

478.2088 

59.9267 

3a 1561 

2944 

.00798 

7.1501 

1296 

.01138 

1300 

8.738 

10.4157 

473.0809 

60.6248 

27.8838 

2720 

.00624 

a 1418 

1198 

.00999 

1400 

8.764 • 

11.2898 

479.9560 

0L2732 

25l 9347 

2528 

.00467 

5.2761 

1113 

.00940 

1500 

8.784 

12.1682 

480.8334 

6L87S6 

2X 2447 

2359 

.00502 

X5247 

1040 

.00660 

1600 

8.803 

13.0475 

481.7127 

02.4461 

22.7053 

2213 

a 00404 

3.8661 

976 

a 00788 

1700 

8.820 

13.9287 

482.5939 

62.8803 

2X 4596 

2084 

.00342 

3.2841 

919 

. 00764 

1800 

8.882 

14. 8113 

483.4765 

63.4S4S 

20.2983 

1909 

•002SS 

2.7659 

869 

.00693 

1900 

8.842 

1&6950 

aX3602 

63.9620 

19.2591 

1806 

.00200 

2.3016 

824 

• 00050 

2000 

8.862 

16.5797 

485. 2449 

64.4164 

18.3235 

1774 

.00184 

X8S31 

784 

.00597 

2100 

8.860 

17.4653 

486. 1305 

34.8484 

17.4700 

1090 

o.oom 

L 5038 

747 

0.00505 

2200 

8.868 

18.3517 

a?. 0169 

65-2008 

laTOTO 

1014 

.00136 

1.1586 

714 

.00527 

2300 

8.874 

19.2388 

487.0040 

05.6551 

16.0039 

1544 

.00127 

.8429 

683 

.00522 

2400 

8.880 

2a 1265 

4S8.7917 

66.0329 

15.3593 

1480 

.00120 

.5531 

056 

.00500 

2500 

8.884 

21.0147 

489.6799 

06.3955 

1X7601 

1421 

.00106 

.2861 

630 

.00449 

2800 

8.8SS 

21.6033 

490.5685 

0a 7440 

1X2185 

1367 

o.cooso 

0.0393 

606 

0.00446 

2700 

8-891 

22.7922 

491-4574 

67.0795 

13.7114 

1316 

.00090 

-.1*96 

6S4 

. 00423 

2800 

8.805 

. 23.6815 

492. 3407 

67.4029 

13.2405 

1270 

.00067 

-.4024 

664 

.00392 

2900 

8-898 

24.5712 

493.2364 

67.7151 

12.8019 

1220 

.00063 

— .0GOS 

545 

.003S3 

3000 

8.601 

25.4611 

494.1263 

08.0168 

12.3920 

1185 

.00074 

-.7863 

527 

.00370 

3100 

8.903 

26.3513 

495.0165 

68.3087 

12.0096 

1147 

0.00060 

-0.9300 

511 

a 00341 

3200 

8.906 

27.2418 

495.9070 

68.6914 

1X6505 

1111 

.00063 

-X1231 

495 

.00340 

zm 

8-908 

28.1325 

49a 7977 

08.8655 

1X3132 

1078 

.00054 

-X2765 

481 

.00323 

3400 

8.910 

29.0234 

497.68S0 

69.1314 

10.9956 

1046 

.00054 

-1.4212 

466 

.00336 

3500 

8.912 

29.9145 

498.5797 

' 69.8898 

10.6882 

1016 

.00068 

-X5577 

453 

.00827 

3600 

8.916 

3a8058 

499.4710 

69.6409 

10.4134 

988 

0.00057 

-1.6868 

441 

0.00311 

3700 

8.017 

31.6974 

600.3626 

©.8852 

10.1458 

961 

.60061 

— 1.809 L 

429 

.00311 

3800 

8.919 

32.6892 

SOL 2644 

70.1230 

9.8923 

936 

.00050 

— L9251 

410 

.00286 

8000 

8.921 

33.4812 

602.1484 

70.3547 

9.6518 

912. 

.00060 

— 20354 

408 

.00280 

4000 

8.923 

34.3734 

603.0386 

70.6806 - 

9.4232 

889 

.00057 

-2 1402 

398 

.00283 

4100 

8.925 

35.2658 

503.9310 

70.8009 

9.2058 

S07 

0.00067 

-2.2401 

389 

0.00268 

4200 

8.927 

36.1584 

504.8236 

7X0160 

8.9837 

847 

.00052 

-23354 

380 

.00253 

4300 

8.630 

37.0513 

505.7165 

71.2261 

8.8012 

827 

.00055 

-2.4263 

371 

.00258 

4100 

8. 632 

37.9444 

500.6090 

7X4314 

8.0127 

806 

.00054 

-2.5132 

363 

.00253 

4500 

8.935 

38.8377 

507.5029 

7L 6322 

8. 4320 

790 

.00066 

-2.5964 

355 

.00253 

4600 

8.937 

39.7313 

608.3965 

71.8286 

8.2002 

773 

0.00063 

-2.6701 

348 

0.00236 

4700 

8.940 

40.6252 

509.2904 

72.0208 

8.0951 

750 

.00070 

-2.7525 

341 

.00228 

■aoo 

8.944 

41.5194 

510. 1840 

72.2091 

7.9309 

740 

.00078 

2.8258 

334 

.00224 

4900 

8.947 

42.4139 

611.0791 

72.3935 

7.7851 

724 

.00090 

-28962 

327 

.00220 

6000 

8.951 

43.3008 

511.9740 

72.5743 

7.6394 

no 

.00088 

-2.9638 

321 

.00210 

5100 

8.955 

44-2041 

512.8693 

72.7516 

7.4993 

©5 

0.00105 

-3.0289 

316 

0.00212 

5200 

8.969 

45.099S 

513.7650 

72.9255 

7.3646 

682 

.00102 

— 3.U916 

309 

.00210 

5300 

8.903 

45.9959 

514. 6611 

73.0962 

7.2349 

669 

.00101 

-3.1520 

303 

.00209 

5400 

8.668 

46.8925 

515.5577 

73.2638 

7.1100 

656 

.00118 

-3.2102 

298 

.00202 

5500 

8.673 

47.7S95 

5ia4547 

' 73.4284 

6.9693 

644 

.00110 

-3.2664 

293 

.00188 

5000 

8.979 

48.6871 

517.3523 

73.5901 

6.8735 

632 

a 00122 

-3.3200 

288 

0.00187 

5700 

S-9S5 

49.5853 

518.2505 

73.7491 

a 7614 

020 

.00130 

-3.3730 

2S3 

.00191 

asoo 

8-991 

50.4841 

519.1493 

73.9054 

a 6532 

010 

.00131 

-8.42S7 

278 

-00188 

5900 

6000 

8. 90S 
9.005 

51.3836 

52.2837 

520.0438 
52a 9489 

74.0592 

7X2105 

a 5485 
a 4473 

599 

.00137 

-3.4727 

—3.5201 

273 

.00190 
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TABLE XIV— THERMODYNAMIC PROPERTIES OF BF (GAS) 


[Molecular weight, 29.82] 


T 

C°K) 

d 

/ cal \ 

hJ-hS 

/koal\ 

\5oIe/ 

Hr 

/kcalN 

\moley 

/ 

S° T 

f osl \ 

A H° 
RT 

} (~w) 


log IT 

4 log A- 


a 

b 

c 

d 

\mole°K/ 

\mole “K/ 

0 


o 

218. 1759 



1 






7.0696 

2.0789 

220.2548 

47. 9001 

109.0481 



67.5887 



aoo 

7.0729 

2.0919 

220.2678 

47.9437 

168.0215 



67.1385 



400 

7.3044 

2.8101 

22a 9860 

6a 0081 

128.4173 



4a 8690 



800 

7.5718 

3.8839 

221. 7298 

6L 6668 

101.4208 

* 


37.8738 

— 



600 

7 . 8140 

4.3236 

222. 4995 

53.0G94 

84.7288 



30. 5239 



700 

8.0158 

5.1155 

22a 2914 

64.2897 

72.7858 



25.2615 



800 

8.1760 

5.9254 

224.1013 

55.3710 

6a 8146 



2L3064 



000 

8.3024 

a 7495 

224.9256 

58.3416 

56.8272 

— • 


ia 2243 



1000 

8.4025 

7. 5850 

22a 7609 

57.2217 

51.2204 

5010 

0.02420 

15. 7542 

2207 

0.01784 

1100 

8.4822 

a 4293 

226.6083 

5a 0264 

4a 6462 

4565 \ 

0.01968 

ia73GC 

2009 

0.0X523 

1200 

8.6464 

9.2S09 

227.4568 

58.7673 

42.8224 

4189 

.01589 

ia0406 

1844 

.01304 

1300 

8.8986 

10.1382 

22a 3142 

89.4535 

39.5842 

3870 ' 

.01341 

10. 6091 

1704 

.01106 

1400 

8.6416 

11.0003 

229.1762 

60.0924 

36.8066 

3897 

.01100 

9.3803 

1584 

.01040 

1500 

8.6770 

11.8663 

230. 0422 

60.6898 

_ 34. 3976 

3360 

.00900 

a 3139 

1-180 

.00920 

1600 

8! 7008 

12.7355 

230. 0118 

8L2S08 

32-2885 

3152 

0.00778 

7.8797 

1388 

0.00883 

1700 

8.7319 

18. 6075 

2SL7834 

61. 7794 

30.4260 

2969 

.00635 

a 5544 

1308 

.00793 

1800 

8.7683 

14.4818 

232.6577 

62.2791 

2a 7708 

2805 

.00888 

X 8198 

1230 

.00747 

1900 

8.7717 

15. 8580 

238.5340 

62.7629 

27.2886 

2689 

.00500 

5.1618 

1172 

.00090 

2000 

8.7876 

16.2360 

234.4320 

63.2032 

25.964! 

2528 . 

.00309 

4.5689 

2116 

.00616 

2100 

8.8013 

17.1165 

235.2914 

63.6323 

24.7403 

2408 

0.00376 

4.0318 

1062 

0.00597 

2200 

8.8133 

17.9962 

'230. 1722 

64.0420 

23.0480 

230C 

.00310 

3.5431 

J016 

.00850 

2300 

8.8239 

18.8781 

237.0640 

64.4340 

22.6449 

2201 1 

.00282 

8.0963 

971 

.00542 

2400 

8.8332 

19.7610 

237.9369 

64.8098 

21. 7250 

2110 . 

.00240 ' 

X68SS 

931 

.00820 

2500 

'8. 8416 

20.6447 

23a 8206 

65. 1705 

2a 8780 

2026 ^ 

.00227 

2.3087 

894 

.00806 

2600 

8.8489 

21. 5292 

239.7052 

65. 5175 

20.0971 

3949 " 

0. C0195 

L9508 

860 

0.00408 

2700 

8.8665 

22.4148 

240.5904 

65. 8516 

19.8783 

1877 

.0)184 

1.6363 

829 

.00453 

2800 

8.8614 

2a 3003 

241. 4763 

66.1737 

18.7011 

1811 ; 

.00162 

1.8357 

801 

.00399 

2000 

8.8668 

24.1867 

'242.3620 

66.4848 

18.0751 

1749 

.00130 

L 0555 

774 

.00380 

3000 

8.8710 

. 25.0736 

24a 2496 

66.7855 

17.4908 

1691 . 

.00132 . 

.7937 

749 

.00359 

3100 

8.8760 

26.9610 

244. 1370 

07.0764 

16. 9440 

1637 

0.00104 

0. 5485 

725 

a 00354 

3200 

8.8800 

26.8488 

24 a 024a 

67.3683 ‘ 

16. 4314 

1586 

.00099 

.3184 

708 

.00327 

3300 

8.8837 

27. 7370 

243.9130 

6/. 6318 

18.9498 

1838 

.00105 

. 1C21 

G82 

.00321 

3400 

8.8870 

2a 0256 

246.8015 

87.8969 

18.4964 

1493 

.00093 

-.1017 

662 

. 00320 

3500 

8.8901 

29.6144 

247.6901 

68.1546 

15.0689 

1451 

.00084 

-.2941 

644 

.00301 

3000 

8.8929 

30.4036 

248.6795 

ea4050 

14.6880 

1411 

0.00068 

— 0. 4700 

620 

0.00301 

8700 

8.8988 

31.2930 

249.4690 

68.6487 

14.2830 

187* 

.00068 

-.6482 

610 

.00287 

3800 

8.8979 

32.1827 

260. 3686 

68.8860 

1X9210 

1337 

. .00058 

-.8116 

593 

. 00296 

3900 

8.9001 

33. 0726 

251.2485 

69.1171 

1X 8776 

130* 

.00058 

-.9666 

579 

.00275 

4000 

8.9022 

33.9627 

262.1386 

69.3428 

1X2513 

1270 . . 

.00074 

—1.1141 

668 

.00270 

4100 

8.9041 

34.8530 

25a 0200 

69.862* 

12.9408 

1239 

0.00060 

-1.2846 

551 

0.002BT 

4200 

8. 9060 

38.7438 

258.9195 

69.7709 

1X6462 

1210 " 

.00050 

-1.3884 

538 

.00208 

4300 

a 9075 

36.6342 

254.8101 

09.9865 

ia 3033 

1182 

.00050 

— L 6162 

526 

.00255 

4400 

8.9091 

37.5250 

266.7009 

70. 1918 

12.0941 

1155 

.00083 

-1.6383 

514 

■ 0Q2S8 

4500 

a 0105 

3a4160 

256.5920 

70.3915 

1L 8369 

1L29 ; 

.00057 

-L7651 

603 

.00246 

4000 

8. 9119 

39.3071 

257. 4830 

70.8874 

11.6809 

1105 

a 00049 

-1.8009 

492 

0.00252 

4700 

a 9132 

40.1983 

268.3743 

70.7790 

1L3553 

J0S2 

.00038 

-1. 9741 

482 

.00238 

4800 

8.9144 

41.0897 

259.2867 

70.0667 

11.1296 

1060 

.00017 

—X 0769 

472 

.00227 

4900 

• a 9155 

41.9812 

230.1571 

7L1605 

10.9130 

1039 

.00020 

-a 1755 

403 

.00230 

8000 

8.9168 

42.8728 

261.0487 

7LS306 

10. 7050 

1018 ; 

.00019 

-a 2704 

454 

.00218 

5100 

8.0176 

43.7648 

261.9408 

71.5072 

10.5082 

998 ' 

0.00018 

-a 30id 

445 

0.00222 

5200 

8.9184 

44.0583 

262.8322 

71. 8804 

. 10.3131 

979 

.00008 

—X 4494 

437 

.00505 

8300 

8.0193 

48.8483 

26a 7242 

71.8603 

10.1283 

960 

.00022 

—X 6339 

429 

.00206 

5400 

8-9202 

46. 4402 

264. 6161 

72. 0170 

9.9503 

943 

.00015 

-a 6154 

421 

.00208 

6800 

a 9210 

47.3323 

265.5082 

72.1807 

9. 7787 

926 

.00004 

-2 6940 

414 

.00197 

5600 

a 9217 

4a 2244 

’ 266,4003 

7X34] 4 

9. 6133 

910 " 

0,00005 

-a 7699 

407 

a 00190 

5700 

8.9224 

. 49.1186 

267. 2926 

7X 4994 

9.4630 

894 

-.00004 

-a 8432 

400 

• 001E3 

5800 

8.9231 

60.0089 

26a 1848 

7a 6540 

9.2995 

879 

-.00008 

-a 9140 

393 

.00179 

5900 

8.9237 

50.9012 

269.0771 

72.8071 

9. 1606 

864 . 

-.00010 

-a 9824 

387 

.0000 

6000 

8.9244 

51. 7936 

289.6696 

72.9671 

9.0067 

-j 


-a 0487 


- 




GENERAL METHOD AND TABLES FOR COMPETATTOX OF EQTJTLIBEIDAE COMPOSITIOX AND TEMPERA'!' U ±lE 

TABLE XY — THERMODYNAMIC PROPERTIES OF BFj (GAS) 

[Molecular weight, 67 .82] 


T 

(°E) 

C| 

/ ca! N 

HJ-HJ 

Vmole/ 

m 

f kealN 
Vmole/ 

Si 

( <31 \ 

Afl° 

“fir 


wC5--«) 

logs: 


a 

b 

c 

d 

V.moIe ’Ey 

\moIe °K/ 




















286.2741 











284.3981 











208.3238 



600 

16.0594 

5.5471 

5 . 5471 

67.7061 

42L4916 


— 

162.5976 

— . — 

- — 









132.0708 











HO. 2416 











93.8552 











81. 1010 



1000 

18.1277 

14.0120 

14.0120 

79.3107 

211.6314 

20,979 

0.07908 

70.8915 

9168 

0.02195 

1100 

18.3922 

15.8380 

15.8380 

8L 0598 . 

192.4805 

19,089 

0.06350 

62.5341 

8339 

0.01823 

1200 

18.6030 

17.6878 

17.6S7& 

82.6602 

176.5095 

17, 61S 

• .05110 

55.6667 

7648 

.01462 

1300 

18.7731 

19.5666 

19.5566 

84.1650 

162.9868 

16,178 

.04179 

49.6690 

7063 

.01180 

1400 

18.9122 

21.4409 

2U 4409 

85.5013 

15L 3893 

16,033 

.03430 

44.0122 

6561 

.00970 

1500 

19.0210 

23.8378 

23.3878 

86.8700 

14L 3330 

14,030 

.02882 

40.2285 

6120 

.00795 

1600 

19.1228 

25.8453 

25.2453 

88.1010 

132.5298 

13.169 

0.02423 

36.3918 

5745 

0.00699 

1700 

19.2036 

27.1616 

27.1616 

89.2628 

124.7591 

12,490 

.02091 

33.0057 

5409 

.00540 

1800 

19.2720 

29.0854 

29.0854 

90.3023 

117.8493 

11,717 

.01746 

29.9953 

5110 

.00443 

1000 

19.3306 

3L0155 

3L0L55 

91.4050 

111-0650 

11,105 

.01520 

27.3014 

4842 

.00400 

2000 

19.3813 

32.9511 

32.9511 

92-3987 

106.0973 

10,554 

.01309 

24.8764 

4601 

.00335 

2100 

19.4252 

34.8915 

34.8915 

93.3454 

10L0585 

10,055 

& 01135 

. 22.6821 

4383 

0.002S3 

2200 

10.4635 

36.8359 

36.8359 

94.2499 

96.4787 

9,601 

.00995 

20.6870 

4184 

.00267 

2300 

10.4071 

38.7839 

38.7839 

95.1159 

92.2924 

8,186 

•0OS9O 

18.8652 

4003 

.00228 

2400 

19.6268 

40.7351 

40.7351 

95.9463 

88.4360 

‘8,806 

.00780 

17.1950 


.00190 

2500 

10.5532 

42.6891 

42.6891 

96.7440 

84.0258 

8,456 

.00689 

15.6583 

3®J4 

-0016S 

2600 

19.5766 

4t 6466 

44.6456 

97.5113 

81.6666 

8,138 

0.00608 

14.2397 

3543 

0.00148 

2700 

19.5076 

46.6043 

46.6043 

88.2505 

78.0483 

7,838 

.00560 

12.9260 

3412 

.00133 

2800 

19.6165 

48.5650 

48.5650 

98.9830 

75.8452 

7,655 

.00503 

11.7061 

3291 

.00107 

2900 

19.6332 

50.5275 

50.5275 

99.6522 

73.2350 

7.206 

.00450 

10.5702 

3178 

.00087 , 

3000 

19.6486- 

52.4916 

52.4916 

100.3181 

70.7985 

7,054 

.00412 

9.5100 

3072 

.ooos 

3100 

19.6626 

54.4572 

54.4572 

100.9626 

68.5189 

0,827 

0.00398 

8.6182 

2973 

0.00094 

3200 

19.6753 

56.4241 

56.4241 

101.6871 

66.3815 

6,615 

.00346 

7.5882 

■ 2S80 

.00087 

3300 

19.6867 

58.3922 

58.3922 

102.1927 

64.3735 

6,416 

.00304 

6.7146 

2793 

.00083 

3400 

19.6972 

60.3614 

60.3614 

102.7805 

62.4834 

6,228 

.00287 

5.8923 

2711 

.00083 

3600 

19.7069 

62.8816 

#2.3316 

103.3518 

60.7011 

6,051 

.00257 

5.1169 

2634 

.00063 

3600 

19.7168 

64.3027 

64.3027 

• 103.9069 

59.0177 

5,884 

0.00233 

4.3846 

2561 

0.00054 

3700 

19.7240 

06.274T 

68.2747 

104.4472 

67.4251 

5.725 

.00232 

3.6919 

2492 

.00051 

3800 

19. 7316 

68.2475 

68.2175 

104.9733 

55.9182 

5,576 

.00211 

3.0356 

2127 

.00039 

3000 

19.7386 

70.2210 

70.2210 

105.4860 

54.4846 

5,433 

.00185 - 

2.4129 

2365 

.00035 

4000 

19.7451 

72.1952 

72.1952 

105.9858 

53.1245 

5,298 

.00171 

1.8213 

2306 

.00026 

4100 

19.7611 

74.1700 

74.1700 

106.4734 

51.8306 

6,169 

0.00169 

1.2586 

2250 

0.00029 

4200 

19.7667 

76.1454 

76.1454 

106.9494 

50.5982 

5,016 

.00161 

.7228 

2198 

.00080 

*4300 

10.7619 

78.1213 

78.1213 

107.4144 

49.4231 

4,929 

.00157 

,, .2116 

2145 

.00030 

4400 

10.7668 

80.0977 

80.0977 

107.8688 

48.3013 

4^817 

.00146 

—.2762 

2097 

.00020 

4500 

19.7714 

82.0746 

82.0746 

106.3130 

47.2294 

4,711 

.00127 

—.7424 

2050 

.00025 

4600 

19.7737 

84.0519 

84.0519 

IOS.7470 

40.2040 

4,609 

.00116 

— L.188S 

2006 

0.00019 

4700 

19.7777 

86.0295 

86.0296 

109. 1729 

45.2222 

4,512 

.00100 

—1.6153 

1963 

-000ft 

4800 

19.7814 

88.0074 

88.0074 

109.5S93 

44.2812 

4,418 

.00007 

—2.0244 

1922 

.00026 

4000 

19.7849 

89.9857 - 

89.9857 

109.6072 

43.3786 

4,328 

.00090 

-2.41© 

1SS3 

.00020 

5000 

19.7882 

9L9644 

9L 9644 

110.3970 

42.5121 

4,242 

.00084 

-2.7937 

1845 

.00024 

5100 

19.7913 

93.9434 

83.9434 

HO. 7889 

41.6795 

4,150 

0.00079 

-3.1657 

1809 

0.00022 

5200 

19.7942 

95.9228 

.96.9220 

111.1732 

40.8789 

4,079 

.00078 

— 8.5D38 

1775 

.00009 

5300 

19.7969 

97.9022 

97.9022 

111.6503 

40.1065 

4002 

.00079 

-3. 8388 

1741 

.00019 

5100 

19.7995 

09.8820 

69.8820 

111. 9204 

39.3666 

3,929 

.00064 

—4.1614 

1708 

.00025 

5500 

19.8020 

101.8621 

101.8621 

112.2837 

38.6510 

3,857 

.00065 

-44722 

1678 

.00016 

5600 

19.8044 

103. 8424 

103. 8424 

112.6405 

37.9622 

3,780 

0.00056 

-47720 

1648 

0.00008 

5700 

19.8067 

105.8230 

106.8230 

112.9910 

37.2969 

3,722 

.00058 

-6.0812 

1619 

.00010 

5800 

19.8089 

107.8037 

107.8037 

113.3355 

36.6546 

3,659 

.00043 

-5.3405 

1591 

.00014 

6900 

i9.ano 

109.7847 

100.7847 

LI 3. 6742 

36.0340 

3,597 

.00040 

-5.6103 

1504 

.00013 

6000 

19.8131 

111.7850 

111. 7659 

114.0072 

83.4341 


_ — j._ - 

-5-8711 
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TABLE XVI— THERMODYNAMIC PROPERTIES OF BH (GAS) 


[Molecular weight, 1] .828] 


T 

(°K) 

cl • 

/ cal \ 

h°t-hS 

/ kcal \ 
V mole/ 

, H? 

/ kcal \ 
\ mole/ 

S? 

/ cal N 

Aii° 

~RT 

<-JD 

-w(H 

log K 

# lop K— 


a 

6 

c 

i 

V, mole / 

Vmole °K / 

0 


0 

279.8258 








288.18 

0.9593. 

a 0739 

281.8997 

41.0362 

127.4086 



50.3050 



300 

6.9596 

2. 0867 

281.0125 

41.0790 

126.0364 



49.9656 



400 

6.9931 

2.7839 

282.6097 

43.0847 

65.3504 



36.1918 



500 

7.0790 

3.4871 

283.S129 

44.6534 

76.5727 

— 


27.8960 




000 

7.2130 

4.2014 

284.0272 

45.9664 

64.0449 



22.3429 



700 

7.8713 

19305 

284.7563 

47.0790 

55.0858 



18.3028 



800 

7.6344 

5.6768 

285.5016 

48.0740 

4a 3563 



15.3677 



000 

7.6897 

6.4371 

286.2629 

48.9705 

43.1133 



13.0308 



1000 

7.8309 

7. 2133 

287. 0391 

49.7881 

3a 9114 

3764 

a 03127 

1L 1568 

1607 

0.02286 

1100 

7.9501 

a 0026 

287.8284 

50.5404 

85.4674 

■ 3417 

0.02740 

9. 0176 

1519 

a 01937 

1200 

8.0656 

a 8037 

288.6296 

5L 2378 

32.5925 

3136 

.02419 

a 3324 

1395 

.01702 

1300 

8.1607 

9.6160 

289.4408 

51.8867 

30.1560 


.02089 

7.2423 

1290 

.01507 

1400 

8.2431 

10.4362 

290.2610 

52.4945 

2a 0644 

,2896 

.01807 

6.3058 

1200 

.01340 

1600 

8.3144 

11.2631 

291.0889 

53.0656 

26.2490 

r? 

.01550 

6.4924 

1122 

.oust 

1600 

8.3784 

12.0976 

291; 9234 

53.6042 

' 24.6585 

2306 

0.01344 

4.7792 

1054 

a 01060 

1700 

8.4302 

12.9380 

292,7638 

54.1136 

23.2533 

2229 

.01217 

4.1486 

993 

.00983 

1800 

8.4772 

13.7833 

293.6091 

54.6968 

22.0028 

2108 

.01033 

3. 5871 

939 

.00919 

1900 

8.6184 

14.6331 

294.4589 

55.0562 

20.8830 

2000 

.00900 

3.0837 

891 

.00840 

2000 

8. 5546 

16. 4868 

295. 3126 

55,4941 

19. 8740 

1902 

• .00789 

2.6298 

848 

.00749 

.2100 

8.5860 

16.3438 ‘ 

296.1606 

65.9123 

1&9604 

1813 

a 00721 

a 2185 

809 

0.00687 

2200 

8.6150 

17.2039 

297.0297 

56.8124 

ia 1291 

1733 

.00612 

1.8439 

773 

.00661 

2300 

8.6401 

18.0067 

297.8925 

56.6959 

17.3695 

1659 

.00555 

1.5013 

740 

.00627 

2400 

8.6626 

iae3i8 

298.7676 

57.0041 

■ 16.6727 

1691 

.00610 

L1SC7 

710 

.00580 

2600 

8.6828 

19.7991 

299. 6249 

57.4181 

It 0312 

1526 

.00442 

.8969 

682 

.00509 

2600 

17009 

2a 6683 

S00. 4941 

57.7590 

It 4387 

1471 

0.00409 

a 6289 

657 

a 00527 

2700 

8.7172 

21.6392 

30L3650 

58.0877 

14.8898 

1418 

.00357 

.3803 

633 

.00503 

2800 

8. 7320 

22.4110 

302.2374 

sa 4050 

14. 8798 

ias 

.00338 

.1492 

611 

.00481 

2600 

8.7453 

23.8855 

303.1113 

samo 

ia9047 

1322 

.00293 

-.0663 

590 

.00473 

3000 

8.7575 

24.1600 

30a 9864 

69.0083 

is. 46U 

1279 

.00282 

-.2677 

671 

.00461 

3100 

8.7686 

25,0309 

304.8627 

59.2950 

ia0469 

1238 

0.00252 

-0.4564 

554 

a 00408 

3200 

8.7788 

25.9143 

305. 7401 

59.5742 

12. 6565 

1200 

.00230 

-.6330 

537 

.00397 ■' 

3300 

8.7881 

28.7928 

306. 6184 

50.8445 

12.2905 

1164 

.00225 

“.8003 

521 

.00386 

3400 

8.7966 

27. 6719 

307.4977 

60.1070 

1L9469 

1130 

.00204 

-. 9574 

500 

.00373 

3500 

8.8045 

28.5519 

308.3777 

60.3621 

11.6210 

1099 

.00182 

-1.1057 

492 

.00363 

3000 

8.8117 

29.4327 

309.2585 

60.0102 

11. 3139 

1068 

a 00183 

—L 2460 

479 

a 00344 

3700 

8.8184 

30.3143 

313 1401 

6a 8617 

11.0234 

1040 

.00162 

-1.3789 

466 

.00347 

3800 

8.8248 

31.1984 

. 311.0222 

01.0870 

It 7481 

1013 

.00166 

-1.6050 

464 

.00339 

3900 

8.8304 

32.0792 

311.9050 

6L3163 

It 4868 

988 

.00130 

-1.6248 

443 

.00316 

4000 

8.8857 

32.9623 

312.7888 

0L 5399 

la 2386 

964 ' 

.00118 

— L 7387 

432 

,00313 

4100 

a 8407 

33. 8463 

Sia 6721 

61.7681 

10.0022 

940 

0.00119 

-L8472 

422 

a 00302 

4200 

8. 8453 

34.7306 

814. 5564 

61.9712 

9.7772 

918 

.00111 

-1.9507 

412 

.00299 

4300 

a 8497 

35.6153 ■ 

815.4411 

02.1794 

9. 5628 

897 

.00114 

-Z 0495 

403 

.00291 

4400 

8.8637 

30.5005 

316. 3203 

62.3829 

a 8576 

877 

.00091 

-a 1440 

394 

.00274 

4600 

8.8675 

37.3861 

817.2119 

62.5819 

9.1018 

858 

.00088 

-a 2343 

380 

. 00209 

4000 

8.8611 

38.2720 

318. {#78 

02.7766 

a 9744 

840 • 

a 00078 

-a 8209 

378 

a 00287 

4700 

8.8644 

39. 1583 

318. 9841 

62.9672 

a 7949 

822 

.00076 

-2. 4039 

370 

■ .00252 

4800 

8. 8676 

40. 0449 

31 & 8707 

63. 1639 

a 0229 

806 

.00072 

■ -24836 

363 

.00242 

4900 

8.8705 

40.9318 

32a 7576 

63.3308 

a 4579 

789 

.00060 

-2.5600 

356 

.00230 

5000 

.8.8733 

41.8160 

321.6448 

63.6160 

a 2995 

'774 

.00054 

-a 6335 

349 

.00227 

5100 

8.8759 

42. 7m. 

322.5322 

63.0918 

a 1472 

758 

0.00063 

—a 7042 

342 

a 00233 

■5*9 

a 8784 

4a 5941 

32a 4199 

ea864i 

aooos 

744 

.00052* 

-2.7723 

336 

.00220 

ssoo 

8.8807 

44.4821 

324.3079 

04.0333 

7.8599 

730 

.00052 

-a §379 

330 

.00209 

8400 

a8830 

45.3703 

325.1961 

64.1993 

7.7242 

717 

.00044 

-awn 

326 

.00201 

5500 

8.8800 . 

40.2587 _ 

326. 0846 

64.3623 

7.5934 

704 

.00039 

-a 9622 

319 

.00194 

5600 

8 . 8870 

47. 1473 

320.9731 

64. 5224 

7.4673 

692 

a 00040 

-a 0211 

313 

0.00199 

5700 

8.8889, 

48.0361 

327. 8019 

04.6797 

7.3455 

683. 

.00026 

-3.0780 

308 

.00200 

6800 

8.8907 

48.9251 

32a 7509 

64.8343 

7.2280 

068 

.00028 

-a 1331 

303 

.00184 

5900 

8.8924 

49.8142 

329.6400 

64.9863 

7.1145 

657 

.00030 

-a 1863 

296 

.00183 

6000 

a 894i 

50.7035 

830.5293 

65.1358' 

7. 0047 

— 


-a 2378 
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TABLE XVII — THERMODYNAMIC- PROPERTIES OF BO (GAS) 


[Molecular weight, 26A21 


T 

(°K) 

i 

l 

/ cal N 

f kcalX 
\ mole/ 

/ teal \ 
Vmofe/' 

«? 

/ ca 1 \ 

AJI° 

RT 

/ AH»V 

^ST/a \ 

logJT 

i log £'= 

100 VFW 

A RT ) 

100 V 7” , / 

a 

6 

e 

& 

\.mole °K/ 

Vmole 

0 


0 

168, 1610 








m ie 

fi.976 

2.0731 

17a 2347 

48.605 

272.6096 



112.6245 



300 

fi.077 

2.0850 

170.2475 

48.047 

Z7L 0072 



III. 8980 



400 

7.062 

2.7872 

170.94 SS 

51864 

203.6499 



82.4477 



500 

7.230 

3.6018 

17L 6634 

52.259 

163.2146 

— 


04, 7442 



600 

7.427 

4.2347 

172.3063 

53.694 

136,2389 



52.9207 



700 

7.635 

4.9SS0 

173. 1430 

64.755 

US. 9540 



44,4620 


- 

800 

7.810 

5.7600 

. 173. 9216 

51785 

102.4775 



38-4086 



600 

7.970 

6-5490 

174. noe 

50.714 

91.2070 



33.1604 



1000 

8.109 

7.3530 

175L5148 

67.563 

82.1842 

8094 

0-03092 

29.1874 

3547 

0.02195 

1100 

8.225 

8.1697 

17a 3313 

513413 

74,7951 

7363 

0.02647 

25.9500 

3229 

0.01747 

1200 

8. 325 

8.0972 

177.16S8 

510813 

68.6328 

8754 

.02252 

23.2426 

2963 

.01467 

1300 

8.411 

9.8340 

177. 9956 

59.7310 

08.4149 

6239 

.01007 

20.9487 

2737 

.01310 " 

1400 

8.485 

10.6788 

178.8404 

00. 3570 

58.9394 

5797 

.01653 

18.9806 

2544 

.01120 

1500 

8.5485 

11.5305 

179.6921 

^60.9440 

55.0582 

5414 

.01425 

17.2734 

2370 

.01010 

1000 

8.6025 

12.3881 

18a 5497 

6L4S80 

5 L 6602 

5079 

a 01195 

117783 

2229 

0.00912 

1700 

8.6483 

‘ 13.2506. 

181.4122 

62.0209 

48.6606 

4788 

.01048 

14.4580 

2089 

.00839 

1800 

8.6883 

14. 1174 

182.2700 

62.5104 

45.9929 

4520 

.00685 

13.2835 

1084 

.00749 

1900 

8.7235 

14.9886 

183.1496 

62.9871 

41 6051 

4284 

.00790 

12.2318 

1880 

.00720 

2000 

8.7550 

15.8620 

184.0236 

63.4354 

41.4552 

4071 

-00733 

11. 2846 

1787 

.00665 

2100 

8.7835 

1(3.7380 

184. 9005 

03.8632 

39.6093 

3879 

0.00632 

10.4270' 

1703 

0. 00611 

2200 

8.8095 

176185 

185.7801 

04.2724 

87.7308 

3704 

, .00587 

0.6468 

1627 

.00551 

2300 

8.8333 

18.5007 

18a 6623 

64.6645 

311235 

3545 

.00492 

8.9339 

1556 

.00547 

2400 

8.8649 

19.3851 

187.5467 

65.0400 

34.6415 

3398 

.00460 

8.2801 

1493 

.004SO 

2500 

8.8749 

20.2716 

188.4332 

65.4028 

312777 

3264 

• 0C3S2 

7.6781 

1431 . 

.00456 

2600 

8.8934 

21.1600 

189.3216 

617513 

32.0185 

3140 

0.00324 

7.1220 

1379 ’* 

0.00436 

2700 

8.0106 

22.0502 

190.2118 

66. OS 72 

31 8623 

3024 

.00320 

6,6069 

1329 

.00406 ■ 

2800 

8.9268 

22.9421 

191. 1037 

fla4ii6 

28.7881 

2918 

.00249 „ 

6.1282 

12S2 

‘.00303 

2900 

8.9421 

23.8355 

191.9971 

6a 7251 

28.7604 

2818 

.00217 

5.6822 

1238 

.00383 

3000 

8.9565 

24.7304 

192.8920 

67.0285 

27.8189 

2725 

.00197 

5.2857 

1197 

.00367 

3100 

8.8702 

25.6268 

193. 7884 

87.3224 

20.0379 

2638 

0.00162 

4,8759 

1159 

0.00351 

3200 

8.9833 

26.5244 

194,6860 

87.6074 

211119 

2557 

.00115 

4,5102 

1124 

.00319 

; 3300 

8.6959 

27.4234 

19a 5850 

67.8840 

23.3350 

2480 

.00109 - 

4,1664 

1090 

.00311 

■ 3400 

9.0061 

28.3236 

19a 4852 

6S.LB27 

24.0054 

2408 

.00070 

3.8427 

1058 

.00311 

j 3500 

9.0200 

29.2250 

197.3868 

6a 4140 

219167 

2340 

.00060 

15373 

1028 

.00304 

3600 

ft. 0316 

3A 1276 

198.2892 

68. 66S3 

21 2861 

2275 

0. 00054 

3J 2187 

1000 

0.00293 

I 3700 

9.0430 

31. 0313 

199.1929 

619159 

22.6607 

2214 

.00087 

29755 

073 

.00285 

1 3800 

9. 0543 

31.9302 

200.0978 

09.1672 

22.0677 

2157 

.00012 

27166 

Q4S 

.00272 

3600 

9.0654 

32.8422 

201.0038 

69.3025 

21.5145 

2102 

.00000 

24108 

824 

.00270 

4000 

9.0763 

33.7492 

201.9108 

69.6222 

21 8890 

2050 

■^*.00020 

22371 

901 

.00264 

4100 

9.0870 

34.6574 

202.8190 

Ml 8464 

20.4892 

2000 

-0.00009 

20147 

879 

a 00261 

4200 

9.0676 

35.5666 

203.7282 

71 0065 

20.0131 

1953 

-.00029 

1.802S 

859 

.00243 

4300 

9.1080 

36.4769 

204,6385 

70.2797 

10.5592 

1908 

— -00044 

1.6006 

839 

.00242 

4400 

9.1183 

37.3882 

20a 5498 

70.4892 

19.1260 

1865 

-.00044 

1.4075 

820 

.00238 

4500 

9.1284 

38.3006 

20a4622 

70.6943 

18.7120 

1824 

-.00062 

1.2229 

802 

.00235 

4600 

9.1284 

39.2130 

207.3755 

718950 

18.8161 

1785 

-100069 

L0462 

785 

0.00238 

4700 

9.1482 

40. 12S2 

208.2898 

TL 0916 

17.8370 

1747 

-.00078 

.8768 

768 

.00230 

4800 

9.1579 

41. 0325 

209l2051 

71. 28 43 

17.5738 

mo 

-.00058 

.7145 

753 

.00213 

4900 

0.1675 

41*9588 

210.1214 

7L4733 

17.2254 

1676 

-.00070 

.5687 

738 

.00210 

5000 

0.1769 

42.8770 

211. 0388 

71.6586 

118609 

1642 

-.00066 

.4090 

722 

.00223 

5100 

9.1862 

43.7952 

211.9588' 

71. 8404 

16,5096 

1610 

-100072 

0. 2652 

709 

a 00215 

5200 

9.1954 

44.7143 

212.8759 

72.0189' 

112607 

1580 

-.00091 

.1267 

095 

.00217 

6300 

9.2045 

45.6343 

213.7959 

72.1941 

15.9635 

1550 

— 00084 

-.0066 

682 

.00210 

5400 

0-2135 

4i 5552 

214.7168 

72.3002 

116773 

1521 

-.00065 

-.1350 

669 

.00216 

5500 

9.2224 

47.4770 

216.6388 

72.5364 

114016 

' 1494 

-.00099 

-.2588 

657 

.00218 

5600 

9.2312 

48.8990 

216.0612 

72.7016 

15,1358 

1467 

-0.00077 

-0.3783 

645 

0.00214 

6700 

9.2399 

49.3232 

217.4848 

72.8651 

14.8702 

1441 

-.00085 

-.4036 

634 

.00219 

5800 

9.2485 

50. 2476 

2I8.4002 

73.0268 

14.6316 

1416 

-.00060 

. -.6051 

623 

.00211 

5900 

9.2570 

51.1729 

210.3345 

73.1840 

14,3324 

1393 

-.00097 

-.7128 

612 

.00220 

6000 

9.2654 

52.0990 

220.2806 

73.3397 

14,1612 



-.8170 
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TABLE XVIII— THERMODYNAMIC PROPERTIES OF B,0, (GAS) 


[Molecular weight, 69.64] 



( 011 \ 

Bt-Ho 

/ kcal \ 
\mole/ 

H? 

/ kcal \ 
vjnole ) 

s? 

/ cal N 



.~ ,7 Y tt 



T 

<°K) 

RT 

V RT ) 

100 Art 4 / 

loeR 

. 

31ogA 100 

a 

b 

C 

i 

^mole°Ky 

Vmole °K/ 

0 


0 

126.0689 








298.10 











300 











400 











£00 






















000 











700 











800 











900 











1000 

23.360 

16.5946 

142.6834 

82.1636 

301.8037 

29,998^ 

a 10329 

101. 1271 

13,090 

0.01700 

1100 

2a 754 

18.9502 

146. 0391 

84.4086 

274.4296 

' 27,2* 

0.06117 

89.2101 

11,906 

0.01197 

1200 

24.064 

2L3411 

147.4300 

86.4886 

26L 6026 

25,041 

.00400 

79.2773 

10,917 

.00821 

1300 

24.311 

23.7699 

149.8488 

80 4246 

232. 2761 

23] 131 . 

.06176 

70 8714 

10,081 

.00499 

1400 

24.510 

20.2009 

162.2898 

60.2336 

215.7022 

21,492 

.04230 

63.6657 

9,363 

.00340 

1600 

24.672 

2a 5600' 

164.7489 

91.9300 

201. 3319 

20, on. 

.03442 

57.4203 

«; 741 

.00178 

1600 

24.806 

8 L 1339 

. 167.2228 

93.6266 

180 7631 

18,825 

0.02917 

51.9554 

a 196 

0.00092 

1700 

24.916 

33. 6199 

159.7088 

96.0337 

177.6604 

17,726 

.02422 

47.1333 

7,716 

.00009 

1800 

26.010 

3a ii62 

162. 2061 

90 4606 

167. 7784 

16, 748~ 

.02040 

42.8471 

7,287 

-.00026 

1900 

25,090 

3&6212 

164. 7101 

■ 97.8148 

160 9432 

15,872 

.01760 

39.0121 

0004 

-.00070 

2000 

26. 150 

411337 

167.2228 

99.1036 

160.9896 

16,083 

.01632 

35.5606 

6,600 

-.00131 

2100 

25.221 

43.6527 

169.7416 

100.3326 

143.7919 

14,368 

0.01309 

32.43S3 

024ft 

-0.00160 

2200 

26.277 

46.1776 

172.2606 

10L 6071 

137.2473 

13, 718 

.01236 

28.6999 

6, 906 

-.00198 

2300 

26.329 

4a 7079 

174.7968 

. 102.6319 

181.2706 

13,127 

.00992 

27.0084 

5,705 

-.00178 

2400 

25.374 

51.2430 

177.3319 

m 7108 

120 7911 

12,587 

.00710 

24.6331 

6,408 

-.00210 

2600 

26.408 

53.7821 

179.8710 

104.7478 

12a 7492 

12,087 

.00686 

22.4480 

6,249 

-.00196 

2600 

26.439 

56.3245 

182.4134 

106.7445 

116. 0947 

11,626 

a 00418 

20.4311 

5,047 

-0.00196 

2700 

25.466 

5a8«97 

184. 9586 

100 7060 

111. 7846 

Hi 197 

.00367 

18,5638 

4,861 

-.00227 

2800 

26.491 

61. 4178 

187.6065 

107. 8816 

107.7820 

10,802 

.00177 

iaB300 

4,687 

-.00221 

2900 

25 514 

63.9078 

190.0667 

108. 6266 

104.0564 

10,432 

.00097 

15.2160 

4,625 

-.00203 

3000 

26.634 

66.6202 

192. 6091 

109. 3919 

100.6771 

10,087 

.00003 

13.7097 

4,374 

-.00207 

3100 

26.662 

69.0746 

196. 1634 

110.2294 

97.3232 

9,764 

-a 00065 

12.3008 

4,233 

-0.00201 

3200 

26.670 

71.6306 

197. 7196 

111.0409 

94.2726 

9,463 

00197 

laoeoo 

4,100 

-. 00182 

3300 

26.885 

74.1884 

200.2773 

111.8280 

91.4070 

9,178 

-.00281 

9.7394 

3,970 

-.00191 

3400' 

25.599 . 

7a 7476 

202.8366 

112.5920 

88.7102 

8,910 

-.00301 

8.5719 

3,868 

-.00169 

3600 

26. 013 

79.3082 

20a 3971 

113.8342 

8a 1076 

8,059 

-.00418 

7. 4712 

3,748 

-.00101 

3600 

25.024 

81.8700 

207.9689 

114.0560 

83.7664 

8,420 

-0.00447 

0.4317 

0 644 

-000166 

3700 

25.635 

84.4330 

210. 5219 

114 7683 

81.4952 

8, 196 

-.00528 

5. 4485 

3,546 

-.00159 

3800 

26l646 

saoero 

■ 213.0869 

110 4419 

79.3439 

7,960 

-.00535 

4.6172 

0452 

-.00183 

3800 

25.666 

89.6620 

215.6609 

110 1082 

77.3031 

7,779 

-.00636 

3.6330 

0362 

—.00130 

4000 

26.663 

92.1279 

218.2168 

lift 7678 

708647 

7,585 

-.00610 

2.7844 

0278 

-.00121 

4100 

26.671 

94.6946 

220:7836 

117.3816 

73.6211 

7,401 

-a 00604 

1.9961 

0198 

-0.00123 

4200 

26.079 

97.2621 

223. 3610 

110 0103 

71.7656 

7,226 

-.00696 

L 2359 

0122 

-.00126 

4300 

26.687 

99.8304 

225. 9193 

118. 6147 

70.0921 

7, 060 

-.00765 

.5111 

3,049 

-.00115 

4400 

26.693 

102.3994 

228,4883 

119.2063 

68.4951 

0900 

-.00763 

-.1807 

2,979 

-.00090 

4600 

26.699 

104.9090 

231.0670 

119. 7827 

06.9093 

0 748 

-.00776 

-.8418 

3,912 

-. 00084 

4600 

26.705 

107. 6392 

233. 6281 

120.347# 

65.6101 

0002 

-0.00808 

— L 4740 

2,349 

-0.00OB7 

4700 

25.710 

110. 1099 

236.1988 

120.9006 

64.1135 

0 401 

-.00784 

—2. 0793 

2,788 

-.00073 

4800 

25.716 

112.0812 

238.7701 

121.4418 

62.7753 

0328 

-.00823 

-2.6594 

2,730 

-.00074 

4900 

25 720 

116.2530 

241.3419 

12L 9721 

61. 4921 

0198 

-.00800 

-3.2168 

2,673 

-.00050 

5000 

26.725 

117.8253 

243. 9142 

122.4918 

60.2605 

0075 

-.00818 

-3.T499 

2,819 

-.00043 

6100 

26.729 

120.8980 

240 4869 

128.0013 

59.0776 

5,958 

-0.00828 

-4.2630 

2,668 

-0.00045 

6200 

26.733 

122.9711 

249.0000 

. 123.6009 

67.9404 

6,842 

-.00836 

-4.7504 

2,518 

-.00029 

6300 

26.737 

126. 5440 

261. 6336 

123.9911 

5a 8465 

6,781 

-.00820 

-a 2312 

2,470 

-.00021 

5M)0 

26. 741 

128.1185 

264.2074 

124. 4722 

£6.7934 

6,025 

00823 

-a 0884 

2,424 

-.00013 

6600 

25.745 

130. 6928 

260 7817 

124.9446 

54. 7789 

5,524 

-.00843 

-a 1290 

2,379 

-.00002 

6600 

26.748 

133. 2674 

259.8663 

126.4066 

53. 8009 

5,423. 

-a 00800 

-0 6638 

2,337 

-a 00010 

5700 

26.752 

135 8424 

26L9313 

126.8043 

52.8575 

5,327 

-.00785 

-09837 

2,295 

.00011 

6800 

25 760 

138. 4178 

264.6007 

126.8122 

6L 9409 

5,235 

-.00789 

-7.3605 

2,266 

.00020 

6900 

25.700 

140.9936 

- 207.0823 

128.7626 

5L 0675 

OI4S 

-.00810 

-7.7419 

2,216 

.00027 

6000 

26.763 

143.5098 

209. 6687 

127.1855 

ea2i70 
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TABLE XIX— THERMODYNAMIC PROPERTIES OF B,0, 
(CRYSTAL) 

[Molecular weight, 69.64] 


r 

<°K) 

<s 

/ cal \ 

( kcal V 

Vs®; 

/kcal\ 
\mole / 

Sr 

( 'l 

£.16- 

1 

log K 

\mole °K } 

V,mole °K/ 


0 


0 

48.6839 




298.10 

14.73 

2.2410 

60.9249 

13.07 

1137.330 

466.564 

300 

14.79 

2.2680 

50.9519 

13.16 

113a 390 

452.528 

400 

1040 

a 8240 

62.6079 

17.90 

848. 916 

329.717 

500 

. 21.12 

8.9080 

64.5919 

22.31 

679.078 

255.963 

6C0 

23.26' 

01300 

5a 8139 

2a 36 

560642 

200 747 

700 

25.15 

10.6520 

59.2859 

30.09 . 

485.753 

471.689 

723,10 

25.57 

11. 1400 

59.8239 

30 91 

470.191 

164.833 
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TABLE XX— THERMODYNAMIC PROPERTIES OF BjOa (LIQUID) 

[Molecular weight, 60.64] 


T 

(°K) 

ti 

( cal \ 

— Ho 
/ kcal\ 
Vmole/ 
« 

hJ* 

/ kcfll\ 
Vmole ) 

fir 

/ cal V 

AW° 

BT 


-wGH 

log K 

S log K— 


5 V rt) 

a 

6 

c 

d 

' mole C K ) 

Vmole °K/ 

723,16 

SL75 

16.5600 

65.2430 

38.41 

46d 420 



164.833 



800 ■ 





42L2&4 



145. SS4 






4* aim 

374.121 



126.064 



1000 

30.835 

25.2452 

73.9291 

48. 5872 

33a 4027 

34,014 

-a 07512 

108.8151 

14,670 

-a 06036 

1100 

30.580 

28.3159 

7a 9998 

5L5I41 

306.5560 

3a 893 

-0.04637 

95.5391 

13,333 

-0.05893 

1200 

30.442 

31.8070 

80.0509 

64.1600 

270.8582 

28,291 

—.02131 

84. 4852 

12,216 

-.05142 

1300 

30.392 

34.4087 

83.0928 

56.6037 

258.1172 

28,095 

-.00489 

75.1397 

11,271 

-.04681 

1400 

30.377 

37.4472 

86. 1311 

58.8554 

239.4828 

24,228 

—.00097 

67.1358 

10,462 

-.04377 

1600 

3d 372 

40.4S46 

89. 1685 

eaosii 

223.3331 

22,610 

-.00015 

6a 2049 

9,760 

—.04040 

1600 

sasTO 

43.5217 

92-2056 

62-9112 

209.2020 

21,197 

-0.00022 

54,1453 

9,146 

-0.03770 

1700 

3aS70 

4d 5587 

95.2426 

04. 7523 

19a 7334 

19,951 

-.00049 

48.8030 

■ aeo5 

-.03586 

1800 

3a 370 

49.5957 

98.2796 

6d 4882 

185.6500 

18,842 

-.00024 

44.0583 

8,123 

-.03346 

1000 

3a 370 

52.6327 

10L8166 

68.1303 

175.7334 

17,851 

■-.00030 

30.8165 

7, ©2 

-.03150 

2000 

3a 370 

55.0897 

104.3536 

604.6880 - 

106.8082 

16,958- 

-.00024 

3a 0020 

7,804 

-.02990 

2100 

30.370 

58.7067 

107.3906 

71-1608 

158.7332 

lam 

-a 00036 

32.5538 

6,954 

-0.02801 

2200 

3a 370 

61. 7437 

110.4276 

72.5828 

151x3922 

15,410 

-.00011 

29.4215 

6,635 

-.02138 

2300 

3a370 

64.7807 

113.4646 

73.9328 

144.6897 . 

14,746 

-.00027 

26.5641 

8,344 

—.02613 

2400 

3a 370 


116.5016 

75.2251 

138.5458 

14,131 

-.00010 

23.9169 

6,077 

-.02500 

2500 

30.370 

70.S547 

119.63S6 

7a 4649 

182.8035 
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a Enthalpy change In converting BiOa (crystal) at 0* E to B*Oi (liquid) at temperature indicated. 


TABLE XXI — THER MOD YNAMIC PROPERTIES OF C (GAS) 


[Atomlo weight, 12.0101 



Cl 

n$-u% 

n° T 

SJ. 

T 

C°K) 

( CBl \ 

/tcttih 

/keal\ 

/ ca 1 \ 

Vmole °K/ 

Vmole/ 

Vmole/ 

Vmole” K/ 

o 


o 

202.3181 


298.16 

4.9803 

L 5589 

263.8770 

37.7611 

300 

. 4.8801 

1.5681 

263.8862 

37.7917 

400 

4.9747 

2.0658 

264.8839 

39.2235 

500 

4.9723 

2.5031 

2&4.8812 

4a 3333 

600 

4.9709 

8.0603 

265.3784 

4L 2398 

700 

4.9701 

3. 5573 

265.8754 

42.0060 

800 

4.9697 

4.0543 

26a 3724 

42.6899 

900 

4.9683 

A 5513 

26a 8894 

42.2550 

1000 

4,0691 

5.0482 

267.3063 

43.7785 

1100 

4.0691 

5.5451 

287.8632 * 

44.2521 

1200 

4,9697 

a 0421 

268.3602 

44,6845 

1300 

4.9705 

6.5391 

268.8572 

45.0823 

1400 

4.9725 

7.0362 

260.3543 

45.4507 

1500 

4.9747 

7.5886 

269.8517 

45.7939 

1600 

4,9783 

. 8.0312 

27a 3493 

4anso 

1700 

4. 9535 

8.5293 

270.8474 

4a 4170 

1800 

4.9899 

9.0280 

271.3461 

4X7020 

1900 

4.9080 

9.5274 

271.8455 

46.9720 

2000 

X0075 

1X0277 

272.3458 

47.2287 

2100 

a 0189 

10.6290 

272. 8471 

47.4732 

2200 

5.0316 

U.0316 

273.3496 

47.7070 

2300 

5.0455 

11.5354 

273.8535 

47.9310 

2400 

5.0607 

12.0407 

274,3588 

48.1460 

2500 

5.0769 

12.6476 

274.8057 

48.3530 

2600 

£.0941 

13.0561 

275.3742 

48.5524 

2700 

5.1118 

1X5664 

275.8845 

48.7450 

2800 

5.1299 

14.0785 

278.3966 

48.9312 

2000 

6. I486 

14.6924 

27a 9105 

49.1116 

3000 

5.1677 

15.1082 

277.4263 

49.2864 

3100 ’ 

5.1866 

15.6259 

277.9440 

49.4562 

3200- 

5.2055 

iai455 

278.4636 

49.6212 

3300 

5.2243 

ia607Q 

278.9851 

49.7816 

3400 

5.2428 

17.1904 

279.5065 

49.9370 

3500 

6.2610 

17.7156 

28a 0337 

5X 0901 

3600 

5.2786 

18.2420 

280.5007 

50.2386 

3700 

5.2959 

18.7713 

28L08M 

5X 3834 

3800 

5.3126 

19.3017 

281.6198 

50.5249 

3900 

5.3286 

19.8333 

2S2. 1519 

50.6631 

4000 

5.3442 

2a 3674 

282.6855 

50.7982 

4100 

5.3590 

2a 9020 

283.2207 

5X9303 

4200 

5.3732 

2L 4392 

283.7573 

51. 0596 

4300 

5.8866 

21.9772 

284.2953 

51.1862 

4400 

5.3994 

22.5165 

284.8347 

5L3102 

4500 

5.4115 

23.0570 

285.3571 

51.4317 

4600 

5.4227 

23.58S7 

285. 9168 

5L 5508 

4700 

5.4331 

24.1415 

28X4596 

51.0675 

4800 

5.4427 

24.6853 

287.0334 

5L 7820 

4900 

a 4514 

25.2300 

287.5481 

51.8943 

5000 

6.4592 

26.7765 

288.0936 

52.0045 

5100 

a 4661 

2& 3218 

288.6399 

62.1127 

5200 

5l4720 

2a 8087 

289. 1868 

52.2189 

5300 

5.4770. 

27.4162 

289.7343 

52.3231 

5400 

5.4810 

27.9641 

290.2822 

52.4256 

5500 

5l4S41 

28.5123 

290.8304 

62.5202 

5600 

5.4865 

29.0608 

29L37S9 

52.6250 

5700 

5.48S2. 

29.6096 

291.9277 

52.7221 

5800 

5.4893 

3ai685 

292.4766 

52.8176 

©00' 

5.4898 

Sa7074 

293.0255 

52.9114 

6000 

5.4899 

31.2564 

293.5745 

53.0037 
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TABLE XNII— THERMODYNAMIC PROPERTIES OF CO (GAS) 


[Molecular weight, 28,010] 


T 

(°K) 

c°, 

/ cal \ 

Hr- Ho 

/ teal \ 
\ mole/ 

Ht 

/ tcalN 
\mole/ 

Si 

/ ea 1 \ 

iff" 

RT 

s (-^r) m iw(T +t> ) 

log K 

Slog K- 

wCt+'O 

a 

6 

c 

i 

\mole °K .) 

\moI« c K7 

o 


o 









298.16 

ft. 905 

2.0727 

67.8188 

47. 3oi 

4S4.2122 



182.2536 



ano 

A 966 

2.0855 

67. 8316 

47 342 

43L 5591 



181.0967 





\ 2.7838 

68. 5299 

49.352 

324.0685 



134. 2147 



600 

7.120 

3.4900 

09. 2361 

50.927 

269.6684 



- 

106. 0610 




7 276 

4.2065 

69. 9556 

52.238 

216. 5368 



87.2536 



700 

7.451 

4.9458 

70. 6919 

53.373 

185.7931 



73. 8126 



800 

7.624 

5.0998 

71.4459 

54.379 

162.7232 



63.7218 



900 

7.787 

6.4706 

72.2167 

55.287 

144. 7699 



56.8663 



1000 

7.932 

7.2565 

73.0020 

56.1160 

130.3992 - 

12,904 

0.03349 

49. 5767 

6640 

6.02293 

1100 

8.058 

8.0500 . 

73.8021 

50.8779 

118.6348 

11,736 

0.02870 

•44.4266 

6131 

0.01927 

1200 

8.167 

a8673 

74. 6134 

57.6837 

10a 8281 

10,762 

.02634 

4a 1314 

4706 

.01080 

1300 

8.285 

9.6889 ' 

75. 4350 

58.2413 

100.6223 

9.939 

.02101 

36.4948 

4340 

,01491 

1400 

8.349 

10. 8196 

75. 2867 

6a 8669 

9a 4014 

9,236 

.01733 

33.3754 

4038 

.01310 

1500 

8.419 

11.3680 

77.1041 

59.4363 

87.2274 

8,623 

.01402 

30.0703 

3771 

.01142 

1600 

8.481 

12.2030 

77. 9491 

59.9806 

81.8231 

8,087 

0.01304 

28.3020 

3537 

0.01031 

1700 

8.636 

13.0638 

78.7999 

6a 4964 

77.0530 

7,615 

.01094 

2a 2111 

3330 

.00960 

1800 

8.586 . 

13.9099 

79.6560 

60. 9857 

• 72.8115 

7,196 

.00863 

24.3515 

3146 

.00891 

1900 

8.827 

14.7705 

80.6166 

61.4610 

69.0155 

0,820 

.00720 

22.6868 

2982 

.00800 

2000 

8.866 

15.6381 

8L 3812 

6L8945 

65.5983 

8,482 

.00563 

21.1378 

2834 

.00748 

2100 

a 699 

1^6033 

82.2494 

62.3181 

62.6060 

6,176 

0.00443 

10.8308 

2700 

0.00093 

2200 

a 730 

17.3747 

83.1208 

62.7234 

59.6943 

6,898 

.00325 

ia5906 

2678 

.00663 

2300 

a 768 

ia2491 

83.9952 

ea 1121 

57.1267 

6,644 

.00213 

17.4692 

2467 

.00608 

2400 

8.784 

19.1262 

84.8723 

6a 4884 

64.7729 

6,412 

.00080 

16.4352 

2365 

.00580 

2500 

. 8.808 

20.0067 • 

85.7518 

6a 8444 

52.6073 

5,197 

.00026 

15.4834 

2271 

.00644 

2600 

a827 

20. 8874 

86.6335 

64.1902 

60.6082 

4,999 

-0. 00048 

14.0045 

2184 

0.00531 

2700 

a 847 

21.7711 

87.8172 

64.5238 

4a 7572 

4,816 

-.00084 

13.7903 

2104 

.00607 

2800 

a866 

22.8567 

8a 4028 

64.8468 

47. 0384 

4,646 

-.00163 

13.0338 

2029 

.00494 

2900 

a882 

23.5440 

89.2901 

flai672 

45.4383 

4,486 

-.00203 

12.3292 

1959 

.00490 

3000 

8.898 

24.4330 

90. 1791 

65.4586 

43.9450 

4,338 

-.00236 

11.6713 

1894 

.00483 

3100 

asis 

25. 8246 

9L 0707 

65.7506 

42.5480 

4,199 

-a 00289 

11.0555 

1834 

0.00448 

3200 

a927 

26,2100 

9L9627 

6a 0338 

4L 2387 

4,070 

- 00363 

10. 4779 

1777 

.00432 

3300 

8.939 

27.1099 

92.8660 

6a 3087 

40.0089 

3.946 

-.00339 

9.9351 

1723 

.00444 

3400 

8.962 

2a 0044 

93. 7505 

66.5767 

88. 8517 

3,832 

-.00386 

9.4239 

1673 

.00420 

3300 

8.963 

28.9002 

94.6463 

66.8354 

37.7607 

8,723 

-.00417 

a 9417 

1626 

.00403 

3000 

8.974 

29.7970 

93.6431 

67.0880 

36.7307 

3,619 

-a 00391 

a4soo 

1680 

0.60417 

3700 

a986 

3a 8950 

96.4411 

67. 3340 

35. 7565 

8,522 

-.00414 

a0548 

1638 

.00406 

3800 

a996 

3L 6940 

07.3401 

67.8738 

34.8338 

3,429 

-.00403 

7.6400 

1498 

.00390 

3000 

9.008 

32.4040 

98.2401 

67.8076 

33.9586 

8,341 

-.00405 

7.2580 

1460 

.00380 

4000 

0.016 

33.3950 

99. 1411 

■ 0aOS67 

3a 1274 

8,288, 

-.00423 

6.8892 

1423 

.00393 

4100 

9.024 

34.2969 

m0430 

* 6a 2684 

32.3370 

3,177 

-a 00383 

6.5382 

1389 

0.00379 

4200 

9.034 

35.1998 

100.9459 

ea4760 

SL 5844 

3,103 

-.00423 

6.2037 

- 1356 

.00366 

4300 

9.042 

30.1036 

101.8487 

68.0887 

30.8670 

\m 

-.00394 

5.8847 

1325 

.00300 

4400 

9.061 

37.0083 

. 102.7544 

68.8966 

30.1823 

2,961 

-.00400 

5.6799 

1295 

.00362 

4500 

9.059 

37. 9138 

103. 6599 

60.1001 

29.5283 

2,805 

-.00395 

6.2885 

1266 

.00358 

4000 

9.067 

38.8201 

104.5662 

69.2993 

28.9020 

2,832 

-0.00395 

6.0097 

1239 

0.00368 

4700 

9.074 

39.7271 

105. 4732 

69.4944 

2a 3043 

2,770 

-.00358 

4.7425 

1213 

.00349 

4800 

9.082 

40.6349 

106.3810 

69.0855 

27.7308 

2,712 

-.00347 

4.4S63 

1187 

.00356 

4900 

9.089 

4L 5435 

107.2896 

69.8728 

27.1808 

2 655' 

-.00310 

4.2406 

1104 

.00340 

6000 

9.096 

42.4527 

108. 19SS 

70.0566 

26.6529 

% 601 

-.00300 

4.0043 

1140 

.00347 

3100 

9.103 

43 3627 

109.1088 

70.2367 

26.1459 

2,649 

-0.00279 

3. 7773 

1118 

a 00310 

3200 

0.110 

44.2733 

110.0194 

70.4130 

26.0586 

2,499 

-.00261 

3.6689 

1097 

.00332 

5300 

9.117 

45.1847 

110.9308 

70. 5872 

2i 1896 

2,461 

-.00239 

a 3486 

1077 

.00336 

5400 

9.123 

40.0967 

111.8428 

70. 7576 

24.7381 

2,403 

-.00201 

a 1469 

1067 

.00322 

5500 

9.130 

47.0093 

112.7554 

70.0261 

24.3032 

2358 

-.00167 

2.9505 

1037 

.00332 

5600 

9.137 

47.0227 

na6«s8 

71.0897 

23.8838 

2316 

-0.00172 

2.7620 

1019 

a 00333 

5700 

0. 143 

48.8367 

114.5828 

71..25I4 

23.4792 

2273 

-.00140 

2.6799 

1001 

.00321 

6800 

9.160 

49. 7513 

113. 4074 

71.4106 

2a 0887 

2,234 

-.00135 

2.4041 

984 

.00322 

5900 

9. 156 

50.0666 

11^4127 

7L 5670 

22.7114 

2196 

-.00130 

2.2341 

968 

.00317 

6000 

9. 162 

61.5825 

117,3286 

71 7209 

22.3467 


— 

ao«96 

— 

— 
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TABLE .XXIII — THERMODYNAMIC PROPERTIES OF CO* (GAS) 

[Molecular weight, 41X10] 


T 

(*K) 

c% 

/ cal N 

Rf-HS 
/ kcalV 
Vmole/ 

H} 

/ kcalN 
Vmole/ 

Si 

/ ea! \ 

AH° 

BT 


log K 

t-logK=- 


a 

b 

e 

i 

Vmole “K/ 

Vmole °K/ 




0 










9 92R1 

•> 25K1 

51.061 

648.2)84 



267.6053 







116 

644.2527 



265.8787 






3.1948 

53.815 

483.9359 



195.8795 



aoo 

1CL662 

4.2228 

4.222S 

56.113 

287.6422 


— 

153.8214 






5.3224 

68. 109 

323,3792 



, 125.7409 







5D.S95 

977 17 



106l 6751 






7 6894 

61.507 

242.9302 


• 

90.6086 











78.8821 

- 


1000 

1Z995 

1012220 

1CL2220 

64,3310 

194.6823 

19,288 

a07095 

69.4953 

8428 

0.02238 

l 1100 

13.265 

11.5350 

11.5350 

66.5822’ 

170.9768 

17,548 

0.05807 

61.8111 

7666 

a 01797 

1200 

13.490 

12.8728 

12.8728 

66.7461: 

IK. 2948 

16,097 

.04919 

55.4048 

7031 

.01434 

S 1300 

13.680 

14.2312 

14.2312 

67.8334 

149.8033 

14,808 

.04210 

49.9820 

6494 

.01103 

1400 

13.844 

15.6074 

15.6074 

68.8532 

139.2012 

13,814 

.03647 

‘45. 3324 

0033 

.00380 

1500 

13.988 

16.9990 

16,9990 

69.8132*- 

‘ 129.9554 

12,900 

.03180 

41.3016 

5633 

.00718 

1600 

14. 116 

18.4042 

18.4042 

70.7200 ' 

' 121. SOU 

12,100 

0.02796 

37.7738 

5283 

a 00585 

1700 

14.230 

19.8216 

19.8210 

71.5792 

114.7156 

11,395 

.02394 

34.6003 

4974 

.00467 

1800 

14.331 

21.2496 

21.2496 

72.8955 

108.3010 

10,767 

.02116 

31.8923 

4699 

.00394 

1900 

14.421 

22.6872 

22.6S72 

73.1727 

102.6730 

' 10,206 

.01820 

26.4152 

4453 

.00320 

! awo 

14.602 

24.1834 

24.1334 

73.9145 

97. 5518 

9,701 

.01548 

27.1855 

4231 

.00274 

i 2100 

14.576 

25.5872 

25. 5872 

74.6238 

92.9168 

‘ 9,244 

601318 

25.1680 

4030 

a 00248 

1 2200 

14.643 

27.0482 

27.0482 

76 3034 

88. 7018 

8,828 

.01121 

23.3337 

3848 

.00196 

1 2300 

14,705 

28.5156 

28.5156 

75,9557 

84,8523 

8,447 

.01002 

21. 6587 

3681 

.00175 

! 2400 

14.763 

29.SS90 

' 29.9890 

76,6828 

8L3227 

8,099 

.00850 

2a 1232 ’ 

3529 

.00120 

2500 

14.817 

31.4680 

SL 4680 

77.1805 

78.0746 . 

7,778 

.cons 

18.7104 

3388 

.00112 

j 2600 

14,868 

32.9522 

32.9522 

77.7687 

75.0759 

7,482 

0.00599 

17.4662 

3268 

0.00093 

2700 

14,916 

34.4414 

34.4414 

78.3307 

72.2988 

7,203 

.00491 

laioso 

3138 

.00069 

2800 

14,961 

35.9353 

85.9353 

78.8740 

69.7196 

6,965 

.00322 

15.0772 

3026 

.00065 

2000 

15.003 

37.4335 

37.4335 

79.3997 

67.3181 

6,717 

.00260 

14.0331 

2922 

.00060 

f 3000 

16.943 

38.9358 

38.935S 

79l 9090 

65.0765 

6496 

.00172 

13.05S5 

2825 

.00041 

1 3100 

15.061 

40.4420 

40-4420 

8a 4029 

62.9793 

' 6289 

0.00079 

12.14® 

2734 

0.00032 

i 3200 

15.117 

41.9519 

4L9519 

8aSS22 

61.0132 

6094 

.00043 

11.2621 

2649 

.00027 

3300 

15. IK 

43.4654 

43.4654 

81- 3480 

39.1661 

5,912 

-.00052 

10.4891 

2568 

.00051 

[ 3400 

16.185 

44.9822 

44.9822 

81-8008 

57.4278 

6740 

-.00100 

9.7333 

2493 

.00031 

| 3500 

15.216 

46,5022 

46.5022 

82.2414 

55.7888 

5,578 

—.00164 

0.03)7 

2421 

.00050 

j 3600 

15.246 

48.0264 

48.0254 

82.6705 

54.2409 

G 421 

-600184 

8.3477 

2354 

0.00048 

3700 

15.275 

49.5514 

49.5514 

83.0686 

62.770S 

6280 

-.00257 

7.7110 

2290 

.00047 

3800 

16.302 

51.0802 

81.0802 

83 4963 

51.3899- 

5,141 

-.00250 

' 7.1079 

2230 

.00051 

3900 

15.329 

62.6118 

52.6118 

83.8941 

50.0742 

6011 

-.00295 

a 5366 

2173 

.00045 

l 4000 

15.355 

54.1460 

54,1460 

84.2826 

48.8244 

4,886 

-.00311 

5.9919 

2119 

.00037 

1 4100 

16.380 

55.6828 

65.6828 

84,6620 

47.6358 

4,767 

-0.00310 

5.4747 

2067 

0.00046 

S 4200 

16.405 

57.2220 

57.2220 

85.0329 

48.5039 

4,654 

-.00322 

4. 9821 

2018 

.00040 

1 4300 

15.429 

58.7637 

58.7837 

85.3957' 

' 45.4248 

'4,616 

-.00318 

4.5124 

1970 

.00057 

1 4400 

15.452 

60.3078 

6a 307S 

85.7507 

44,3948 

•4443 

-.00333 

4.0041 

1926 

.00050 

• 4500 

15.475 

61.8541 

61. 8541 

86.0982 ‘ 

43.4106 

4,843 

-.00313 

3.6356 

1883 

.00055 

4000 

15.498 

63.4028 

63.4028 

80. 4386 

- 42.4696 

4,249 

-0.00314 

3.2257 

1842 

0.00049 

4700 

15.520 

64,9536 

64.9536 

86.7721 

41.5688 

4158 

—.00305 

2.8333 

1803 

.00048 

j 4800 

15.542 

66.5068 

66.5068 

87.0991 

4a 7057 " 

4,070 

-.00271 

2.4572 

1765 

.00060 

4900 

16.564 

68.0620 

68.062) 

87.4198 

39.8778 

6986 

■ -.00250 

2.0964 

1729 

.000® 

6000 

16.586 

69.6196 

69. 6190 

.87.7344 

39.0831 

3,905 

-.00239 

L7600 

1604 

.00064 

! 6100 

15.608 

71. 1792 

71.1792 

88.0433 

38.8198 

3,827 

-a 00196 

L4172 

1661 

a 00068 

5200 

15.630 

72.7412 

72.7412. 

88.3466 

37.5S56 

6752 

-. 00172 

LOflTI 

1629 

.00094 

j 6300 

16.652 

74.3052 

74.3052 

88.6445 

3& 87=96 

3,080 

-.00168 

.7891 

1568 

.00067 

1 5400 

16.674 

75.8716 

75.8716 

88.9373 

3a 1697 

6610 

-.00116 

.4825 

15® 

.00071 

j 5500 

15,696 

77.4400 

77.4400 

89.2251 

35.5445 

3,543 

-.00088 

.2067 

1540 

‘ .00070 

5600 

15.718 

79.0108 

79.0108 

89.5081 

34.9127 

3,478 

-0.00068 

-0-0690 

1512 

0.00074 

5700 

15. 740 

80.5836 

80.6836 

' 89.7865 

34.3032 

3,410 

—.00037 

-.8350 

1486 

.00069 

5800 

15.762 

82.1588 

82.1588 

90.0604 

33.7146 

3,366 

-.00031 

-.5919 

14® 

.00074 

5900 

15.7S4 

83.7360 

83.7360 

90.3301 

33.1461 

3,298 

-.00007 

-.8401 

1435 

.00073 

eooo 

15.806 

85-3156 

85.3056 

90.5935 

32.5065 

— 

— 

-Lo=oo 


___ 
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TABLE XXIV— THERMODYNAMIC PROPERTIES OF 

Cl (GAS) ~:~ 


[Atomic weight, 33.457) 



Cl 

n*-H% 


s? 

(°K) 

( ') 

/ kcal \ 

/kralX - 

/ c»l \ 


\ mole °K / 

Vmole/ 

\moley_ 

\mole °K / 

0 


o 

32.513T 


298.16 

5.2203 

1.4991 

34.0122 

39.4569 

300 

5.2237 

1.5087 

34.0218 

39.4890 

400 

5.3706 

2.0391 

34.5522 

41.0138 

500 

5.4383 

2.5801 

36. 0232_ 

42.2206 

600 

5.4448 

3. 1244 

36. 63?6" 

43.2132 

700 * 

6.4232 

3.6880 

3a mi 

44.0511 

800 

5.3887 

4.2086 

3a 7217 

44.7731 

900 

5. 3606 

4.7450 

37.2587 

4a 4056 

1000 

5.3183 

5. 2788 

37. 7919 

45.0674 

1100 

5. 2788 

A8084 

38.32S 

46. 4722 

1300 

5. 2477 

6.3347 

3A 8478 

4a 9302 

1300 

5. 2201 

6.8581 

39.3712 

47.3491 

1400 

5.1958 

7.3789 

39.8620 

47. 7351 

1500 

5.1746 

7.8974 

40.4105 

48.0928 

1600 

5.1557 

8.4139 

40.95^f 

48.4262 

1700 

6.1392 

8.0286 

41.4417 

48.7383 

1800 

6.1246 

0.4418 

4L 9549 

49. 0316 

1900 

6.1117 

9.9636 

42.4667 

49.3063 

3000 

.1002, 

10. 4642 

42.9773 

49.5702 

2100 

5.0900 

10. 9737 

43.4898 

49.8188 

2200 

5.0809 

11.4823 

43.9654 

50.0654 

2300 

5.0727 

11.9900 

44.5031 

60.2811 

2400 

5.0854 

12.4969. 

45.0100 

5a 4968 

2500 

6.0588 

.18.0081 

45.6162 

5a 7034 

2800 

5.0528 

13.6087 

4AQ2^ 

60.9017 ' 

2700 

5.0474 

14.0137 

4A 5268 

51.0923 

2800 

5.0425 

14. 6282 

47. 0313 

51.2758 

2900 

5.0380 

15.0222 

47.5353 

51.4627 

3000 

5.0339 

16.5258 

4 A 0389 

5L 6234 

8100 

6.0301 

1 A 0200 

48.6421 

5L7884 

3200 

6.0267 

16. 5318 

49.0449 

51.9480 

3300 

A 0236 

17.0343 

49.5474 

62.1027 

3400 

5.0206 

17.6368 

50.0496 

52. 2526 

3500 

A 0179 

1A0386 

50.6616 

52.3981 

3600 

A 0164 

18.5401 

5L 0532 

52. 5394 

3700 

A 0131 

• 19.0416 

5L 5547’ 

52. 6/68 

3800 

A 0109 

19.6428 

62.054a 

52.8105 

3900 

A 0089 

20.0437 

62.6668 

52. woe 

4000 

6.0070 

20.6446 

53. 0576 

68.0674 

4100 

A 0062 

21.0452 

53.5583 

63.1910 

4200 

5.0035 

21.5456 

54.0587 

53.3110 

4300 

6.0020 

22 0459 

64.6600 

53.4293 

4400 

5.0006 

22.5460 

5a 0591 

53.5443 

4500 

4.9993 

28.0460 

5a 5591 

53.6506 

4000 

4.9981 

23.5459 

66,0690 

53.7665 

4700 

4.9970 ' 

24.0456 

5A 6687 

63.8740 

4800 

- 4.9960 

24.5453 

67.0681 

53.9792 

4900 

4.9960 

25.0448 

57.5679 

54.0822 

5000 

4.9941 

25.5443 

6A 0674 

64.1881 

5100 

4.9932 

26.0436 

58.5567 

54.2820 

5200 

4.9924 

26.5429 

59.0660 

64.3789 

5300 

4.9916 

27.0421 

59.5552 

54. 4740 

6400 

4.9908 

27. 5412 

6A 0543 

54.5673 

5500 

4.9001 

28.0403 

60.6634 

54.6589 

5600 

4.9894 

28.6393 

01.0524 

•54.7488 

5700 

4.9887 

29.0382 

61. 5613 

54.8371 

6800 

4.9880 

29.5370 

02.0501 

54.9239 

5000 

4.9873 

30.0358 

02.5489 

55. 0091 

6000 

4.9686 

3a 5345 

63.0476 

5a 0929 



GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPERATURE 
TABLE XXV— THERMODYNAMIC PROPERTIES OF Cl s (GAS) 


[Molecular weight, 70.814) 


r 

(«K) 

/ cal \ 

Hl-Ho 

/ kcal\ 
Vmofe/ 

Br 

f kcal \ 
(.mole/ 

St 

/ cal \ 

AH" 

RT 

<-*S) 


log K 

i log JO- 

w(y +1 ') 

a 

b 

e 


v.mole°K/ 

\moIe °E/ 

Q 


‘ 0 

7.8061 








298.16 

8.11 

2.1939 

10.0000 

53.286 

97.9319 



36.9304 



300 

8.12 

2. 2089 

10-0150 

53.830 

97.3383 



36.6695 



400 

8.44 

3.0384 

10.8445 

56.720 

73.2947 



26.0820 



500 

Si 62 

3.8920 

LL 6681 

57.625 

58.8650 



19.7044 

— 



600 

8.74 

4.7610 

12.5071 

59.207 

49.2389 



15.4354 



TOO 

8.82 

5.6399 

13.4400 

60.662 

42.3545 



12.3755 



800 

8.88 

6.5248 

14.3309 

61.744 

37.1837 



10.0725 



600 

8.62 

7.4142 

15.2203 

62.792 

33.1554 



8.2757 



1000 

8.86 

8.3090 

16.1161 

63.7350 

29.9262 

2884 

0.02478 

6.8337 

1232 

0.01765 

1100 

8.99 

9.2065 

17.0128 

64.5904 

27.2796 

2624 

0.022S3 

5.6606 

1168 

a 01517 

1200 

9.02 

10. 1070 

17.9131 

65.3739 

25.0701 

24 L0 

.01895 

4.6621 

1073 

.01312 

1 1300 

9.04 

11.0100 

18.8161 

66.0907 

23.1973 

2227 

.01719 

3.8230 

992 

.01183 

1400 

9.06 

11.9160 ■ 

19.7211 

66.7074 

21.5894 

2070 

.01570 

3.1032 

923 

.01047 

1500 

9.08 

12.8220 

20.6281 

67.3931 

20.1937 

1930 

.01695 

2.4774 

863 

■ .00923 

1600 

9.109 

13.7316 

21.5375 

67.9800 

18-9705 

1817 

0.01228 

L92S8 

810 

0.00863 

1700 

9.124 

14.6431 

22-4492 

68.5327 

17.8894 

1712 

,01109 

1.4437 

764 

.00766 

1800 

9.139 

15.5503 

23.3624 

69-0547 

16.9272 

1618 

.01042 

1.0116 

722 

.00720 

1800 

9.155 

10.4709 

24.2770 

69.5492 

16.0652 

1534 

.00990 

.6244 

686 

.00620 

2000 

9.171 

17.3873 

25.1934 

70.0192 

15.2883 

1460 

.00856 

.2752 

653 . 

.00545 

2100 

9.185 

18.3051 

26.1112 

79.4670 

14. 5845 

1391 

0.00823 

-0.0412 

623 

(100492 

2200 

9.200 

10.2243 

27.0304 

70.8940 

13.9440 

1329 

.00767 

-.3293 

595 

.00480 

2300 

9. 215 

20.1451 

27.9512 

71.3039 

13.3685 

1272 

.00740 

-.5928 

570 

.00440 

2400 

9.230 

21.0073 

28.8734 

71. 6964 

12.8211 

mo 

.00700 

-.8347 

547 

.00410 

2500 

9.244 

21.9910 

29.7971 

72.0735 

12.3261 

1172 

.00663 

-1.0576 

526 

.00379 

2800 

9.259 

22.9161 

30.7222 

72.4384 

1L8687 

1128 

0.00032 

—1.2637 

506 

0700359 

2700 

9.273 

23.8427 

3L 648S 

72.7860 

11-4446 

1067 

.00599 

— 1.4547 

4S8 

.00331 

2800 

9.287 

24.7707 

32.5768 

73.1235 

11.0504 

1049 

.00568 

—1.6323 

471 

.00319 

2SOO 

9.300 

25.7001 

33.5062 

73.4497 

10.6830 

1012 

.00597 

-L7979 

456 

.00280 

3000 

9.315 

26.6309 

34.4370 

73.7652 

10.3397 

981 

.00495 

-1.9527 

441 

.00204 

3100 

9.327 

27.5629 

35.3690 

74.0708 

io-oiss 

949 

0.00514 

—2-0976 

427 

a 00250 

3200 

9.341 

28.4963 

36.3024 

74.3672 

9.7166 

919 

.00532 

-2.2336 

415 

.00224 

8300 

9.355 

29.4311 

37.2372 

74.6548 

9.4328 

S93 . 

.00465 

-2-3616 

402 

.00226 

3400 

9.368 

30.3073 

38.1734 

74.9343 

9.1655 

806 

.00487 

-2.4821 

391 

.00209 

8500 

9.382 

31.304S 

39.1109 

75.2060 

8.9132 

843 

.00443 

-2.6959 

381 

.00177 

3900 

9.395 

32.2437 

40.0498 

75.4706 

8.6746 

819 

0.00455 

-2.7035 

371 

a 00163 

3700 

9.409 

33.1839 

40.9900 

76.7281 

8.4487 

798 

.00430 

-2.8054 

361 

.00160 

3800 

9.422 

34.1254 

41-9315 

76.9792 

$.2344 

770 

.00153 

-2.9020 

352 

.00144 

3900 

9.430 

35.0683 

42.8744 

76.2241 

8.0309 

738 

.00410 

-2.9337 

343 

.00155 

4000 

9.448 

30.0125 

43.8188 

70.4632 

7.8373 

739 

.00406 

-3.0810 

334 

.00154 

4100 

9.481 

36.9579 

44,7640 

76.6966 

7.6530 

721 

0.00103 

-3.1640 

327 

0.00134 

4200 

9.474 

37.6647 

46.7108 

76.9248 

7.4773 

703 

.00431 

-3.2432 

319 

.00131 

4300 

9.488 

38.8528 

46.6589 

77.1479 

7.8095 

688 

.00394 

-3-3187 

312 

.00129 

4400 

9.501 

39.8023 

47.6CS4 

77.3662 

7.1492 

672 

.00397 

— *3.3909 

305 

.0012?. 

4500 

9.514 

40.7530 

48.5591 

77.5798 

6.9969 

658 

.00380 

—3.4599 

299 

.00110: 

4600 

9.627 

41-7051 

49.5112 

77.7891 

6.8490 

644 

0.00378 

-3.5260 

292 

0.00117 

4700 

9.540 

42.6584 

60.4645 

77.0941 

6:7082 

630 

.00385 

-3.5883 

-286 

.00112 

4500 

9.558 

43-6131 

51.4192 

78.1951 

6.5731 

617 

.00378 

-3.6600 

281 

.00095 

4900 

9.569 

44.5680 

52.3751 

78.3922 

6.4434 

605 

.00870 

-3.7083 

275 

.00100 

5000 

9. 579 

45.5263 

53.3324 

7S-5856 

- 6.3187 

593 

.00363 

-3.7643 

270 

.00086° 

5100 

9.592 

40.4S68 

54.2909 

78.7754 

6.1988 

581 

0.00377 

-3.8181 

265 

0.00084 

5200 

9.606 

47.4447 

55-2508 

78.9018 

6.0833 . 

569 

.00384 

-3.86G9 

260 

.00084 

5300 

9.619 

48.4059 

56.2120 

79.1449 

5^9721 

559 

.00378 

—3-9198 

255 

.ooore 

5400 

9 632 

49 3084 

67.1745 

79.3248 

■V80±8 

549 

.00368 

-3.9678 

250 

.00085 

5500 

9.945 

50.3323 

68.1384 

79.5016 

Jit 7613 

.539 

.00365 

—4.0141 

240 

.00077 

6600 

9.668 

6L 2974 

59.1035 

79.6756 

5.6614 

530 

0.00362 

— t058S 

242 

0.00074 

! 5700 

9.671 

52.2639 

60-0700 

79.8466 

5.5048 

620 

.00364 

-4.1020 

23S 

.00067 

5800 

9.684 

53.2316 

6L 037T 

80.0L49 

5.4716 

511 

.003® 

-4.1437 

233 

.00071 

6900 

9.697 

54.2007 

62.0O6S 

80.1806 

5.3812 

5G3 

.00357 

-4.1839 

220 

.00067 

6000 

9.710 

55.1660 

02.9771 

80.3435 

5. 2938 




—4.2229 

— 
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REPORT 1037 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


TABLE XXVI— THERMODYNAMIC PROPERTIES OF C1F (GAS) 


(Molecular weight, 54.4*7] 


T 

(°K) 

Cl 

/ cal \ 

H%-Hl 

/ heal \ 
Vmole/ 

H° t 

/ heal \ 
V mole ) 

St 

/ cal \ 

A H° 
RT 


log IT 

t log K- 

iffi (4- +< 0 

« 

b 

c 

i 

\moIe °KJ 

-* 

\mole 

0 


0 

21.2060 , 








298*16 

7.6517 

2.1281 

23.3350 

52.0433 

102.1326 



38.8196 



300 

7.6599 

2.1422 

23.3491 

52.0904 

101.5154 



38.5476 




400 

8.0382 

2,0283 

24. 1861 

54.3491 

70. 4946 



27. 5018 


• ' 

500 

8.2920 

8.7456 

24.9525 

56.1720 

61.4528 

— 


288444 




600 

8.4594 

4.5838 

25.7907 

57.6997 

51 4044 



16.3882 



700 

8.5723 

143*7 

26.6426 

59. 0127 

44.2125 



13.1937 



800 

8.6511 

6.2971 

27.5040 

0a 1628 

38.8081 



10.7898 

■ ^ 


900 

8.7077 

7. 1652 

28.3721 

6L1852 

84.5972 



8.9145 

J - ■ 


1000 

8.7496 

8.0381 

29.2450 

62.1049 

81 2228 

3018 

0.02140 

7.4100 

1337 

6.01885 

1100 

8.7814 

8.9147 

30. 1216 

62.9404 

28. 4677 

27&. 

0.01730 

6.1767 

12if 

0.03020 

1200 

8.8060 

9.7940 

31,0009 

63. 7055 

20.1504 

2522 

.01490 

a 1446 

1119 

.01383 

1300 

8.8255 

10.0756 

31.8825 

64.4111 

24.1955 

2331 

.01260 

- 4.2699 

1035 - 

.01211 

1400 

8.8411 

11.5589 

32.76*8 

65.0657 

22.6180 

2167 

.01073 

3.6186 

062 

.01127 

ieoo 

8.8538 

12.4487 

33.6506 

65.0701 

211 0626 

2025 

.00908 

2.8659 

900 

.00030 

loot) 

8. 8644 

13.3296 

34.5305 

0a 2479 

19! 7879 

1901 

0.00747 

2. 2930 

845 

a 00904 

1700 

8.8732 

14. 2165 

35.4234 

66.7885 

18.6622 

1790 

.00600 

1.7876 

796 

.00818 

1800 

8.8808 

15.1042 

sa Sill 

07.2929 

17.6608 

1692 

.00617 

L 3368 ‘ 

763 

.00778 

1900 

8.8875 

15.9926 

37.1995 

67.7733 

16.7641 

1605 

.00600 

.9327 

714 

.00730 

2000 

8.8937 

16.8817 

38.0S86 

68.2293 

16.9666 

1625 

.00491 

.6684 

680 

.00649 

2100 

8.8997 

17. 7713 

• 38.9782 

68.0634 

15.2266 

1453 

a 00465 

0.2381 

618 

a 00636 

2200 

8. 9059 

18. 6616 

39.8685 

09. 0775 

14.5604 

1388 

.00412 

— * 0628 

619 

.00607 

2300 

8.9126 

19.6525 

40. 7604 

69.4736 

13.9628 

1327 

.00448 

—.3380 

593 

.00562 

2400 

8.9202 

20. 4442 

41. 6*11 

69.8530 

13.3954 

1272 

.00430 

—.6907 

569 

.00630 

2500 

8.9291 

21.3386 

42.5435 

70.2174 

12.8823 

1220 

.00477 

—.8236 

547 

.00492 

2600 

8.9398 

22.2301 

43.4370 

7a 5678 

12.4083 

1173 

0.00476 

-1.0389 

627 

0.00401 

2700 

8.9526 

23.1247 

44.8316 

7a 9064 

1L 9691 

1128 

.00534 

-1.2387 

508 

.00437 

2800 

8.9678 

24. 0207 

45.2270 

71.2313 

116809 

1086 

.00602 

— L 4245 

490 

.00433 

2900 

8.9858 

24.9184 

46.1253 

71. 5463 

11 1804 

1047 

.00650 

— L 6978 

474 

.00390 

3000 

9.0072 

25.8180. 

47. 0249 

7L8613 

la 8249 

1009 

.00762 

— L 7697 

459 

.00374 

3100 

9.0320 

21 7200 

47. 9269 

72.1470 

10 4918 

97V 

a 00832 

-1.9116 

445 

0.00344 

3200 

9. 0600 

27.6246 

48.8315 

72.4342 

10. 1791 

9(1 

.00916 

-2*0540 

432 

.00319 

3300 

9.0932 

28.5323 

49. 7892 

72.7135 

9.8848 

909 

.01016 

-2, 1881 

419 

.00308 

3400 

9.1299 

29.4435 

6a 6504 

72.9866 

9.6073 

879 

.01116 

-2*3144 

408 

.00273 

3600 

9.1709 

30.3585 

51.5654 

73.2508 

9.3460 

860 

.01229 

-14337' 

397 

.00262 

3600 

9.2162 

31. 2779 

*2.4848 

73.5098 

9.0968 

823 

a 01317 

-2.5466 

387 

a 00221 

3700 

9.2668 

32.2020 

53.4089 

73.7630 

8.8610 

797 

.01416 

-2.6633 

377 

.00219 

3800 

9.3197 

33.1312 

*4.3381 

74.0108 

8.6371 

772 

.01636 

-2.7547 

308 

.00184 

3000 

a 3778 

34.0661 

86.2730 

74.2536 

8.4238 

749 

.01606 

—2,8609 

369 

.00175 

4000 

9.4399 

85.0070 

66.2139 

74.4918 

8.2205 

72* 

.01713 

-19424 

361 

.00149 

4100 

9. 6059 

36.9543 

67.1612 

74,7257 

8.0263 

^5 

' 0.01804 

-3.0296 

343 

a 00133 

4200 

9.5754 

36.9064 

68.1153 

74.9550 

7.8404 

' 6&4 

.01893 

-a ii 26 

330 

.00100 

4300 

9.6486 

37.8096 . 

59. 0765 

75.1818 

7. 6624 

006 

.01954 

-3.1917 

329 

.00093 

4400 

9.7246 

38.8382 

eao45i 

75.4045 

7.4915 

047 

.02032 

-3.2674 

322 

.00074 

4500 

9.8035 

39. 8140 

01.0216 

75.6239 

7.3274 

630 ' 

.02084 

-3,3397 

,816 

.00060 

4600 

9.8849 

4a 7990 

02.0059 

75.8*03 

7.1696 

614 

802146 

-3. 4089 

310 

a 00024 

‘ 4700 

9.9686 

4L7917 

02.9966 

76.0538 

7.0176 

S09 

.02181 

-3. 4751 

306 

-.00004 

4800 

10.0539 

42.7928 

63.9997 

7a 2646 

a 8709 

585 

.02221 

-3.5386 

290 

00012 

•4000 

10.1407 

43.8020 

06.009* 

76.4727 

8.7293 

672 

.02230 

-3.5995 

294 

-.00030 

5000 

10.2287 

44.8210 

06.0279 

76.6785 

a 5926 

560 

.02260 

-a. 6680 

289 

-.00067 

aioo * 

10.3173 

458483 

67.0652 

7a 8819 

8 4003 

548 

a 02272 

-3. 7141 

284 

-aooon 

5200 

10.4064 

46.8845 

68.0914 

77.0831 

a 3322 

.«l 

.02259 

-8.7680 

280 

-.00093 

5300 

10. 4965 

47.9296 

69. 1365 

77.2822 

82081 

52T 

.02262 

-3.8199 

275 

—.00103 

5400 

10.5844 

48.9830 

7a 1905 

77.4792 

8 0878 

519 

.02244 

-3.8698 

270 

—.00109 

6500 

10.0726 

50.0466 

71.2634 

77.6742 

8 9710 

511 

.02216 

-3.9178 

267 

-.00138 

5600 

10. 7697 

61. 1181 

72.3250 

77.8673 

8 8676 

501 

a 02178 

-3.9641 

263 

-a 00164 

5700 

10.8457 

52.1983 

73.4062 

78.0585 

8 7474 

4ST 

.02141 

-4.0087 

259 

-.00166 

5800 

10.0302 

53.2871 

74.4940 

78.2478 

86403 

491 

.02098 

-4.0618 

255 

-.00182 

5900 

11.0129 

54.3843 

75. 6012 

78.4354 

5.5361 

486 

.02067 

-4.0932 

252 

—.00190 

6000 

11.0937 

55. 489 G 

70.6965 

78.6212 

5. 4346 




-4.1333 



— 




GENERAL METHOD AND TABLES FOB COMPUTATION OF EQUTLIBHITJM COMPOSITION AND TEMPERATURE 


TABLE XXYII— THERMODYNAMIC PROPERTIES OF F (GAS) 


[Molecular weight, 16.00] 



C% 



Sf- 

T 

(°K> 

( <si \ 

/kcal\ 

/fcoaIN 

/ on \ 

VmoIe°E/ 

\mo!e/ 

V.moIe/ 

Vmole °KJ 

0 


0 

48.2781 


298.16 

2L4364 

1.5580 

49.8361 

37.9173 

300 

5-4355 

1.5680 

49.8461 

37.9507 

400 

5.3612 

2.1081 

50.3862 

36.5060 

500 

6.2819 

2.6401 

50.9182 

40.ms 

600 

5.2179 

3.1650 


41.6407 

700 

5.1692 

3.6842 

5L 962S 

42.4502 

soo 

5.1324 

4.1992 

52.4773 

43.1379 

600 

5.1043 

4,7110 

52.9891 

43.7407 

1000 

5.0826 

A 2203 

53.4984 

44.2774 

1100 

5-0656 

5.7277 

64.0058 

44.7010 

1200 

A 0519 

6.2336 

54^5117 

45.2012 

1300 

A0409 

6.73S2 

55.0163 

4A 6051 

1400 

5.0318 

7.2419 

55.5200 

45.978* 

1500 

A 0244 

7.744T 

5A 0228 

45.3252 

1600 

5.0181 

8.2408 

6A 6249 

46.6493 

1700 

5.0129 

8.7483 

57.0264 

46.9534 * 

1800 

5.0084 

9.2434 

5/. 5275 

47.2398 

1600 

A0045 

9.7501 

58.0282 

47.5105 

2000 

A 0012 

10.2503 

58.5284 

47.7671 

2100 

4.9063 

10.7503 

59.0284 

48.0110 

2200 

4.0057 

1L2500 

59.6281 

48.2435 

2300 

4.0036 

1L7495 

60.0278 

48.4655 

2400 

4.6915 

12.2487 

6A 5268 

48.6780 

2500 

4, 8898 

12.7478 

61.0259 

48.8817 

2600 

4.9882 

13.2467 

61.5248 

49.0774 

2700 

4. 9868 

13.7454 

62.0235 

49.2656 

2800 

4.8855 

14.2441 

62.5222 

49.4469 

2600 

4.9844 

14.7425 

63.0203 

49.6219 

3000 

4.9834 

15.2409 

63.5190 

49.7908 

8100 

4.9824 

15.7392 

64.0173 

49.9542 

3200 

4.9816 

16.2374 

64.5155 

50.1124 

3300 

4.9808 

16.7355 

6AO1S0 

5a 2667 

3400 

4. 9801 

17.2336 

6A5117 

5a 4143 

8500 

4.0794 

17.7316 

6AC097 

50.5587 

3600 

4.9788 

18.2295 

60.5076 

50.6990 

3700 

4.6782 

18.7273 

67.0054 

50.8354 

3800 

4.9777 

19.2251 

67.5032 

5a96Sl 

3600 

4. 9772 

19.7229 

68.0010 

51.0974 

4000 

4. 9768 

20.2206 

68.4667 

5L 2234 

4100 

4.9764 

20.7182 

68.9963 

5LS463 

4200 

4.9760 

2L2L58 

©.4939 

51. 4062 

4300 

■ 4.9756 

21.7134 

©.9915 

51.5833 

4400 

4.9763 

22.2110 

70.4891 

5L6977 

4500 

4.9750 

22.7065 

7A 9866 

51.8095 

4600 

4.9747 

23.2000 

71. 4841 

5L91S8 

4700 

4.9744 

23.7034 

71. 9815 

52.0258 

4800 

4.9741 

24,2009 

72.4790 

52.1305 

4800 

4.9739 

24.6983 

72.9764 

52.2831 

6000 

4.9737 

2A19K 

73.4737 

52.3836 

5100 

4.9735 

25.6930 

73-9711 

52.4320 

5200 

4.9732 

26-1603 

74.4684 

52.5286 

5300 

4.9731 

26.6873 

74.6667 

52.6234 

5400 

4.9729 

27.1846 

7A403O 

52.7163 

5500 

4.9727 

27.6822 

76.9603 

52.8076 

6600 

4.9725 

28.1795 

70.4578 

52.8972 

5700 

4.9724 

28. 6767 

7A 6548 

52.9S52 

5800 

4.9723 

29.1740 

77.4521 

58.0716 

5900 

4.9721 

29.6712 

77.9483 

53.1566 

6000 

4.9720 

30.1684 

78-4435 

53.2402 




REPORT 1037 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TABLE XXVIII— THERMODYNAMIC PROPERTIES OP Fj (GAS) 


[Molecular weight, 38.00] 


T 

(°K) 

O, 

( cal \ 

H% • 
/ teal N 
Vmole/ 

f teal \ 
\mole/ 

/ cal \ 

A H° 

W 

<-!£)- 


log A' 

i log AT=- 

100 Vr / 

\ mole °K / 

Vmol e°K.J 

a : 

b 

c 

i 

0 


0 

68 9562 








298.18 

7.5183 

2.1137 

63.0699 

48.5590 

6L 7763 



20.8081 



300 

7.5262 

2.1276 

63.0838 

48.6053 

61.4076 



2a 7035 



400 

7.9077 

2.9001 

988563 

60.8251 

46.4428 



14. 0101 



500 

8.1822 

87055 

64. 6617 

52.6211 

87. 4145 

— 

— 

9.9626 




600 

8.3704 

4.6337 

65.4899 

54.1806 

31.8646 



7.2407 



700 

8.8004 

5. 3778 

66 . 3338 . 

56.4313 

27.0238 



5.2959 



800 

8.8924 

6.2325 

67.1887 

58 5727 

28.7560 



3.8255 



900 

8.6593 

7.0953 

68 . U515 

67.5888 

21.2063 



2.6708 



1000 

8.7092 

7.9648 

68.9205 

58.5042 

19. 1610 

1825 

0.01791 

L 7540 

817 

0. 01517 

1100 

8.7472 

88371 

69.7933 

59.3360 

17.4840 

1663 

0.01427 

0.9961 

745 

0.01297 

1200 

8.7768 

9.7133 

70.6895 ... 

60. 0984 

16.0839 

1528 

.01142 . 

.3623 

684 

.01205 

1300 

8. 8002 

10.5921 

71.5483 

60.8019 

14.8971 

1413 . 

.00931 

—.1759 

633 

.01076 

1400 

8.8190 

11 . 4731 , 

72.4293 

01.4547 

13.8786 

1315 

.00733 

-.6388 

589 

.00383 

1500 

8.8328 

12.3557 

73.8119 

62.0636 

12.9945 

1229 

.00618 

- 1.0413 

551 

.00883 

1600 

8.8471 

182397 

74.1959 

62.6343 

12 2202 

1154 

0.00518 

— L 3945 

518 

0.00799 

1700 

8.8577 

34.1249 

78 0811 

681708 

11.6362 

1087 

.00161 

- L7072 

488 

.00759 

1800 

8.8686 

15. 0111 

75.9673 

68 6774 

10.9277 

1028 

.00375 

- L9859 

462 

.00694 

1900 

8.8742 

188982 

76.8544 

64. 1570 

10. 3829 

975 ; 

.00330 

— 2.2360 

438 

.00680 

2000 

8.8807 

16.7859 

77.7421 

64.6123 

9.8921 

927 

.00287 

— 2.4618 

417 

.00633 

2100 

8.8883 

17.6742 

78.6304 

66.0457 

9.4478 

884 _ 

0.00238 

n 

396 

a 00579 

2200 

8.8912 

18 5631 

79. 5193 

684592 

9.0436 

8 «“ 

.00224 

- 2.8534 

381 

.00535 

2300 

8.8955 

10.4526 

80.4087 

65.8546 

8.6744 

806 

.00193 

- 3.0244 

365 

.00512 

2400 

8.8993 

20.3422 

81.2984 

66.2332 

8.3358 

775 

.00170 

- 3. 1816 

350 

.00500 

2600 

8.9026 

21. 2323 

82.1885 

68 5966 

8.0241 

744 

.00165 

- 3.3266 

336 

.00497 

2600 

8.9056 

22. 1227 

880789 

66.9458 

7.7363 

719. . 

0. 00152 

- 3.4608 

324 

0.00460 

2700 

8.9082 

23. 0134 

88 9696 

67. 2819 

7.4696 

690 

.00117 

- 3.5854 

313 1 

.00431 

2800 

8.9106 

23.1043 

84.0005 

67.6060 

7.2220 

606 ^ 

.00104 

— 3. 7015 

302 

.00416 

2600 

8.9127 

24. 7955 

85. 7517 

07. 9187 

6.9913 

64jf 

.00107 

~3.sm 

292 

.00397 

3000 

8.9148 

25.8869 

. 86.6431 

68 2209 

87769 

622 

.00085 

- 3.9111 

283 

.00371 

3100 

8.9164 

26 - 5784 

87.5346 

68.5132 

0.5744 

002 

000088 

- 4.0061 

278 

.00316 

3200 

8.9180 

27.4701 

88.4263 

68 7963 

83354 

584 

.00063 

- 4.0055 

206 

.00349 

3300 

8.9194 

28. 3620 

89. 3182 

69.0708 

6.2078 

566 

.00063 

- 4. 1796 

258 

.00352 

3400 

8.9209 

20 . 2M0 

90.2102 

69 . 3370 

6 . W07 

550 

.00056 

- 4.2590 

251 

.00339 

3600 

8 9220 

30.1482 

91. 1024 

69 . 5956 

88830 

534 

.00057 

- 4.3341 

244 

.00322 

3600 

89231 

31.0384 

91.9946 

09.8470 

87341 

520 

0.00046 

- 4,1051 

233 

• 0.00308 

3700 

89241 

31.9308 

92.8870 

70.0915 

8 5931 

506 * 

.00034 

- 4.4725 

232 

.00295 

3S00 

89250 

32.8232 

98 7794 

70.3295 

5.4596 

492 

.00055 

- 4.5365 

228 

.00295 

3900 

8 9259 

387158 

94.0720 

70.5614 

88329 

480 

.00040 

- 4. 5974 

221 

.00275 

4000 

89287 

34.6084 

. 95.5646 

70.7873 

5.2125 

468 

.00035 

- 4.6554 

215 

.00276 

4100 

8 9274 

35.5011 

984573 

71.0078 

5.0980 

457 

.00039 

— 4.7106 

210 

.00280 

4200 

89281 

383939 ' 

97.3501 

71.2229 

4.9888 

• 446 . 

.00028 

- 4.7634 

206 

.00259 

4300 

89288 

37.2867 

98.2429 

71.4330 

4.8848 

436 

.00021 

— 4,8139 

201 

.00262 

4400 

8.9294 

38.1796 

96.1358 

71.0383 

4,7855 

426 

.00023 

- 4.8622 

196 

.00264 

4500 

8 9300 

39.0726 

100.0288 

71.8390 

4.8900 

417 

.00025 

- 4.9084 

162 

.00256 

4600 

89305 

39.9656 

100.9218 

72.0352 

4.6997 

407 - 

0.00030 

- 4.9527 

188 

0.00260 

4700 

8.9310 

40.8587 

I0L8149 

72.2273 

4 . 5128 

399 

.00028 

- 4. 9953 

184 

.00247 

4800 

89315 

41.7618 

102. 7080 

72.4153 

4.4294 

391 

.00010 

- 5.0361 

181 

.00246 

4900 

8.9319 

42 . 8450 _ 

103 . 6012 • 

72 6995 

4.3495 

383 

.00020 

- 5. 0755 

177 

.00240 

5000 

89323 

43.6882 

104.4944 

72.7800 

4.2727 

375 

.00027 

— 5.1133 

174 

.00228 

8100 

8 9327 

44,4313 

105. 3877 

72.9568 

4.1989 

368 

0.00013 

- 5.1497 

171 

0.00222 

5200 

8 9331 

45.3248 

106.2810 

78 1303 

4.1280 

361 

.06019 

- 5.1848 

168 

.00220 

6300 

89334 

46. 2181 

107. 1743 

73.3005 

4.0597 

354 

.00014 

— 5. 2187 

165 

.00214 

MOO 

89337 

47 . 1114 

108. 0670 

73.4674 

' 3.9940 

348 . 

.00013 

- 5.2514 

161 

.00223 

6500 

89340 

48 0048 

108.9610 

73.6314 

8 9300 

341 

.00021 

- 5.2829 

169 

.00221 

6600 

8.9343 

488982 

109.8544 

78 7924 

3.8695 

335 

0.00023 

- 5.3135 

156 

a 00213 

5700 

8.9348 

49. 7917 

110. 7479 

73.9505 

3.8105 

329 

. .00018 

- 5.3430 

153 

.00222 

8800 

9.9349 

50.6852 

111.6414 

74. 1059 

3.7636 

324 

.00008 

— 5l3710 

160 

.00218 

8900 

88351 

5L5787 

112. 6349 

74,2586 

86986 

SIS 

.00020 

— 5.3992 

148 

.00213 

8000 

88353 

52.4722 

1184284 

74.4088 

86454 



- 6,4280 
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TABLE XXIX — THERMODYNAMIC PROPERTIES OF H (GAS) 


[Atomic weight, 1.008] 


T 

C°E) 

CJ 

f “I \ 

H\-H% 

VmoLe/ 

Hi 

/"tcal\ 

Vnole/ 

Si 

/ cal % 

\moIe °K/ 

\.moIe °K/ 

0 


0 

85.3285 


298.10 


1.4812 

86. 8097 

27.3927 

800 

4.9080 

1.4904 

88.8189 

27.4232 - 

400 

4.96S0 

1.6872 

87.3157 

28.8624 

m 

4.9680 

2.4840 

87.8125 

29.9610 

600 

4.9680 

2.9808 

88.3093 

30.8607 

700 

4.9680 

S.477S 

88.8061 

31.6326 

800 

4,9680 

3.9744 

89.3029 

82.2959 

900 

4.9680 

44712 

89.7997 

32.8811 

1000 

4.9680 

49680 

90.2965 

33.4045 

1100 

4. 9680 

5.4648 

90.7933 

33.8780 

1200 

4.9680 

6.9616 

9L 2901 

34.3103 

1800 

4.6680 

6.4584 

9L7869 

34.7079 

1400 

4.6680 

6.9652 

92.2837 

35.0701 

1600 

4.6680 

7.4520 

92.7806 

35.4188 

1600 

49680 

7.9488 

93.2773 

35.7395 

1700 

49680 

8.4450 

93.7741 

30.0407 

1S00 

A 9680 

8.9424 

942709 

36.3246 

1800 

4.9680 

9.4392 

947677 

38.5932 

2300 

49680 

9.0360 

96.2645 

30.8480 

2100 

49680 

10.4328 

95.7013 

37.0904 

2200 

49680 

10.9296 

90.2681 

37.82L5 

2300 

4.9680 

11.4264 

96.7549 

37.5424 

2400 

49680 

LLG232 

97.2617 

37.7538 

2500 

49680 

12.4200 

97.7485 

37.9568 

2600 

48680 

12.9168 

98.2458 

38.1515 

2700 

49680 

13.4138 

98.7421 

38.3390 

2800 

49680 

18.9104 

99.2389 

38.6196 

2900 

49680 

14.4072 

99.7357 

33.6940 

3000 

49680 

14.6040 

100.2325 

33.8624 

8100 

49680 

15.4008 

100.7293 

89.0253 

8200 

49680 

II. 8976 

101.2261 

39.1830 

3300 

49680 

16.3944 

10L 722S 

39.8350 

3400 

49680 

16.8912 

102.2497 

89.4842 

3500 

49680 

17.3880 

102.7165 

39.6282 

3600 

4. 9680 

17.8848 

103.2183 

39.7081 

8700 

4.9680 

18.3816 

103.7101 

39.9043 

3800 

4.9680 

18.8784 

1042069 

40.0368 

3900 

4.9680 

19.3752 

1047087 

40.1658 

4000 

4.9680 

19.8720 

105.2006 

40.2916 

4100 

49680 

20.3688 

106.6973 

40.4142 

4200 

49680 

20.8056 

106.1841 

40.5340 

4300 

49680 

21.3624 

106.6909 

40.6509 

4400 

49680 

21. 8592 

107.1877 

40.7651 

4500 

49680 

22.8660 

107.0845 

40.8707 

4600 

4.9680 

22.8528 

108.1813 

40.6659 

4700 

4.9680 

23.8496 

108.8781 

41.0028 

4800 

4.9680 

23.8464 

109.1749 

41.1973 

4900 

4.9680 

24.3432 

109. 8717 

41.2998 

5000 

4.6680 

24.8400 

110.1685 

41.4002 

5100 

4.9680 

25.3868 

110.6653 

41.4985 

5200 

4.6680 

25.8338 

1X1.1021 

41.5950 

5300 

4.9680 

26.8304 

111.0589 

41.6890 

6400 

4.9680 

20.8272 

112.1557 

41.7825 

6500 

4.9680 

27.3240 

112.6525 

41.8736 

6600 

4.9680 

27.8208 

113.1483 

4L 9632 

5700 

4.9080 

28.3176 

113.8461 

42.0511 

6800 

4.9080 

28.8144 

1141429 

42.1375 

6900 

4.-908O 

29.3112 

1146397 

42.2224 

6000 

4.9680 

29.8080 

115.1385 

42.3069 
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TABLE XXX— THERMODYNAMIC PROPERTIES OF H, (GAS) 


[Molecular weight, 2,016] 


T 

CK) 

C? 

/ cal \ 

m-H% 

Vmole/ 

** 

/ heal N 
\mol6/ 

4 

HP 

RT 

<- 4 > 


log if 

4 log if- 

=£Z 7 ll + A 
ioo Vr + / 

\moIe °K/ 

(.mole °K } 

a 

t 

e 

4 

0 


0 

■ 67.4169 








298.16 

a 892 

2.0238 

69.4407 

3L 211 

17a 8297 



71.2008 



300 

6.896 

2.0365 

69.4634 

31.253 

174. 7610 



70.7414 



400 

6.974 

2.7310 

70. 1479 

3a 250 

131.4465 



51.7421 



600 

6.993 

3.4296 

70.8464 

34.809 

105.4544 

— 

— 

4a 3099 



600 

7.008 

4.1288 

71.5455 

3a 084 

8a 1261 



32.6069 



700 

7.036 

4.8315 

72.2484 

37. 167 

7a 7454 



27. 1921 



800 

7.078 

5.5374 

72. 9543 

3a 108 

6a 4582 



23.0744 



900 

7.139 

6,2430 

73.6649 

3a 946 

59.2322 



19.8636 



1000 

7.219 

a 9658 

74.3827 

39.7040 

63.4478 

5186 

a 02306 

17.2883 

2291 

a 03007 

1100 

7.310 

7.6923 

75. 1092 

40.3963 

48.7111 

4712 

0. 02453 

iai766 

2087 

0.02583 

1200 

7.407 

. a 4281 

76.8450 

41.0365 

44.7899 

4318 

.02556 

13.4105 

1016 

.02315 

1300 

7.509 

9.1739 

76.5908 

41.6334 

41.4128 

3985 

.02637 

*11.9136 

1772 

.02029 

1400 

7.615 

9. 9301 

77.3470 

42.1938 

3a 6400 

3700 

.02863 

10. 6275 

1048 

.01833 

1600 

7.7202 

10.6969 

"a 1138 

42.7227 

36.0468 

3454 

.02605 

9.5105 

1541 

.01028 

1600 

7.8232 

11.4740 

ras909 

43.2243 

33.8620 

324(3’* 

a 02502 

a 63u 

1447 

a 01472 

1700 

7.9229 

12. 2613 

79. 0782 

43. 7010 

31. 9311 

3051 

.02400 

7.6652 

1364 

*01332 

1800 

8.0185 

13.0584 

80.4753 

44.1571 

30.2121 

2884 

.02261 

a 8941 

1291 

,01173 

1900 

8.1093 

13.8648 

81.2817 

44.5931 

2a 6716 

2734 

.02170 

12029 

1225 

.01060 

2000 

8.1949 

14.6800 

82.0969 

46. 0112 

27.2829 

2600 

.02031 

a 6798 

1100 

.00946 

2100 

8. 2762 

16.5036 

82.9205 

45. 4130 

26.0245 

2478 

a 01654 

a oi6i 

1112 

0.00865 

2200 

8.3637. 

ia 3351 

83.7520 

45. 7968 

24.8780 

2367 

.01867 

4. 5010 

1063 

.00793 

2300 

a 4274 

17. 1741 

84.5910 

4a 1728 

23.8308 

2207 

.01752 

4.0309 

1018 

.00733 

2400 

8.4977 

18.0204 

86.4373 

46,6329 

22.8687 

2174 

.01690 

a6B94 

978 

.00040 

2600 

& 5647 

ia8736 

8a 2904 

4a 8812 

21. 9822 

2089 ‘ 

.01604 

3.2018 

940 

.00680 

2000 

a 6280 

19.7331 

87.1600 

47.2183 

21.1627 

2011 

0.01619 

2.8344 

905 

0.00541 

2700 

8.6890 

20.5891 

8a 0160 

47.5451 

2a 4027 

1938 

.01466 

2.4938 

873 

.00481 

2800 

a 7479 

21.4709 

8a 8878 

47.8622 

19.6959 

1870 

.01417 

2.1772 

843 

.00441 

2900 

8.8042 

' 22.3485 

89.7654 ' 

4a 1702 

19. 0369 

180 r 

.01377 

1.8821 

815 

.00403 

8000 

8.8587 

23.2317 

90.6486 

4a 4696 

ia4208 

1748 

.01323 

1.6064 

789 

.00368 

3100 

8.9118 

24.1202 

91. 5371 

4a 7609 

17.8437 

16S3 

0.01264 

L34S2 

764 

0.00355 

3200 

a 9636 

25.0140 

92.4309 

49. 0447 

17.3017 

1640 

.01283 

L 1059 

741 

.00325 

3300 

9.0143 

25.9129 

9a 3298 

49.3213 

ia7919 

1691 

.01266 

.8781 

719 

.00313 

3400 

0.0639 

26. 8168 

94.2337 

49. 5911 

iasii3 

1546 

.01219 

.6635 

699 

.00279 

3300 

9.1126 

27.7266 

95.1425 

40.8545 

15. 8574 

15CB 

.01208 

.4610 

080 

.00241 

3000 

9.1602 

28.6392 

9a 0561 

6a ni9 

ia4281 

1461 

a 01 184 

0.2607 

002 

a 00228 

3700 

9.2070 

29.5675 

fla9745 

50.3635 

ia0214 

1423 

.01163 

-0S85 

644 

.00223 

3800 

9.2629 

3a 4806 

97. 8976 

6aeo97 

14.6364 

1386 

.01132 

-.0832 

628 

.00197 

3900 

9.2979 

31.4081 

9a 8260 

50. 8506 

14.2687 

1361 

.01126 

-.2462 

613 

.00176 

4000 

9.3421 

32.3401 

99.7670 

61.0866 

119197 

1318 

.01104 

-.4012 

698 

.00166 

4100 

9.3860 

33.2766 

10(10934 

61.3178 

13.5872 

128 ? 

0. 01007 

-0.5487 

584 

a 00145 

4200 

9.4283 

34.2172 

101.6341 

61.6446 

13.2701 

1257 

.01057 

—.6862 

571 

.00131 

4300 

9.4704 

35.1621 

102. 5790 

51.7968 

12 9672 

1229 

.01038 

-.8233 

558 

.00118 

4400 

9.6118 

36. U13 

103. 5282 

61.9850 

12. 6776 

1201 

.01031 

-.9513 

546 

.00007 

4500 

9.6820 

37.0646 

104.4814 

52.1992 

12.4003 

1176 

.01017 

-1.0738 

636 

.00080 

4600 

9.6928 

310217 

105. 4386 

52.4096 

12. 1347 

1150 

a 01002 

-1. 1907 

524 

0.00071 

4700 

9.0324 

3a 9830 

10a 3999 

52. 6104 

11.8800 

1127 

.00671 

-1.3029 

514 

.00042 

4800 

9.0714 

39. 9482 

107.3651 

52.8196 

11.6355 

1104. 

.00969 

-1.4104 

503 

.00045 

4900 

9.7099 

40.9173 

10a 3842 

53.0194 

11.4005 

1082 

.00650 

-1.6135 

494 

.00030 

6000 

9.7479 

41.890] 

109.3070 

53.2159 

11. 1746 

1061 

.00936 

-1. 0126 

484 

.00020 

6100 

9.7863 

42.8668 

110.2837 

S3. 4093 

10.9672 

1041 

0.00931 • 

-1.7077 

475 

0.00016 

5200 

9.8222 

43.8472 

111.2641 

53.5997 

10. 7477 

1021 

.00916 

-L7992 

460 

.00018 

6300 

9.8586 

44.8312 

112.2481 

53.7871 

10.6469 

1003 

.00906 

-L8873 

45S 

-. 00001 

6400 

9. 8946 

46. 8189 

113.2358 

53.9717 

10.3511 

685 

.00891 

— L 6721 

450 

-.00002 

5600 

9.9299 

46.8101 

114.2270 

54.1530 

10. 1631 

967 

.00882 

-2.0639 

442 

-.00013 

6600 

9.9049 

47.8048. 

. 115. 2217 

54.3828 

9.9816 

951 

0.00870 

-2. 1327 

434 

•— 0. 00014 

6700 

9.9994 

48.8031 

116.2200 

54.5095 

9.8C60 

93T 

.00867 

-2 2087 

427 

-.00012 

5800 

10.0334 

40. 8047 

- 117.2216 

54.6837 

9.6363 

916 

.00854 

-2.2822 

420 

-.00029 

6900 

10.0670 

60.8097 

lia 2266 

54.8555 

9.4720 

901 

.00843 

-a 8631 

413 

-.00033 

6000 

10.1001 

51.8181 

119.2360 

5a 0250 

9.3129 



—2.4216 
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table XXXI—' THERMODYNAMIC PROPERTIES OF EGL (GAS) 


[Moleonlar weight, 38.4651 


T 

CK) 

1 

/ cal \ 

Vmole °K V 

Hf-HJ 

/ kcal \ 
Vmole/ 

7 lecal \ 

Vmole/ 

5? 

Vmole c Ei) 

RT 


100 VPv 

log A' 


a 

6 

e 

d 

0 


0 " 

15.5926 








268. 16 

6.00 

2.0648 

17.6574 

44.617 

174.1180 



70.7696 



300 

6.66 

2.0778 

17.0704 

44.661 

173.0508 



7a 2600 



400 

6.97 

2.7740 

18.3666 

46.656 

13a 2118 



51. 4775 



500 

7.00 

3.4730 

19.0056 

48.224 

■ 104.5100 

— 

— 

4a 1622 

— 



600 

7.07 • 

4.1766 

19.7692 

49.500 

87.8747 



32.5758 



! 700 

7.17 

4.8881 

20.4807 

50-603 

75.1291 



27.1468 



800 

' 7.29 

5.6112 

21.2038 

51.508 

06.9356 



23.0623 



600 

7.42 

6.3468 

21.9394 

52.434 

58-7762 



19.8761 



1000 

7.164 

7.0950 

22.6876 

53.2220 

53. MM 

5124 

0.042S2 

■ 17.3201 

2274 

0.02943 

uoo 

7.660 

7.8572 

23.4498 

53.9484 

48.3394 

4661 

0.04023 

15.2234 

2071 

0.02567 

1200 

7.819 

8.6326 

24.2252 

54-6230 

44.4150 

4277 

.03660 

13.4719 

1903 

.02X45 

1300 

7.838 

9.4205 

25.0131 

56.2536 

41.0884 

3952 

.03354 

11.9866 

1780 

.01876 

1400 

8.046 

10. 2197 

25-8123 

55.8458 

.38.2320 

3076 

.02903 

ia7107 

1637 

.01607 

lfiOO 

8.140 

1L0290 

26.6216 

50.4041 

35.7573 

S437 

.02498 

9.0027 

1530 

-01605 

1600 

8.221 

1LS470 

27.4396 

50.9320 

33.6792 

3227 

0.02197 

8.6314 

1437 

. aoi33i 

1700 

8.292 

12.6727 

28.2853 

57.4325 

3L 6590 

3040 

.02031 

7.7728 

1355 

.01172 

1800 

8.358 

18.5062 

29.0978 

57.9084 

29.9498 

' 2871 


7J3Q8S 

1282 

.01036 

1900 

8.428 

14.3444 

29.9370 

58.3021 

28.4183 

2723 

.01870 

6-5232 

1216 

.00960.' 

2000 

8.4SS 

15.1901 

30.7827 

58.7958 

27.0381 

2590 

.01717 

5.7056 

1157 

.00865 . 

2100 

8.545 

16.0447 

31.6343 

69.2114 

25.7876 

2471 

a 01602 

5.1461 

1103 

a 00804 

2200 

8.895 

16.8987 

32.4913 

• 59.6100 

24.0494 

2361 

.01398 

4.6367 . 

1055 

.00710 

2300 

8.643 

17.7600 

33.3532 

59.9982 

23.6089 

2262 

.01240 

4.1709 

1010 

.00667 

2400 

8-885 

18.6270 

34.2196 

00.3619 

22.6540 

2169 

.01190 

3.7434 

969 

.00620 

2300 

8.728 

19.4976 

35.0902 

60.7172 

21. 7745 

2086 

.01039 

3.3496 

931 

.00582 

2800 

8.762 

20.3720 

35.9548 

• 0LO0O2 

2a 9618 

2007 

0.00997 

2.9857 

896 

0.00645 

2700 

8.796 

21.2499 

36.8425 

61.3915 

20.2085 

1934 

.00939 

2.6484 

• 864 

.00513 

2800 . 

8.829 

22.1311 

37.7237 

0L7I2O 

19.5084 

IS6S 

.00846 

2.3347 

834 

.00471 

2900 

8. 858 

23.0155 

38.6081 

62.0223 

18.8558 

1805 

.00783 

2-0424 

806 

.00443 

3000 

8.885 

23.9026 

39.4952 

02.3231 

18.2463 

1745 

.00780 

1.7693 . 

780 

* .00409 

3100 

8.912 

24.7925 

40.3851 

62.0148 

17.6756 

1691 

0.00708 

L 5136 

756 

a 00376 

3200 

8.937 

25.6849 

41.2775 

62.8982 

17. 1401 

1639 

.00683 

1.2736 

733 

-00368 

3300 

8.981- ■ 

28.5798 

42.1724 

63.1736 

16.6306 

1561 

.00626 

1.0479 

711 

.00348 

3400 

8.983 

27.4770 

43.0696 

63.4414 

16.1024 

1515 

.00607 ' 

.8353 

691 

.00327V. 

3500 . 

9.004 

28.3784 

43.0690 

03.7U21 

15.7149 

1502 

.00578 

.6346 

671 

.00321 

3600 . 

9.024 

29.2778 

44.8704 

63.9560 

15.2919 

1462 

0.00527 

0-4450 

054 

0.00284 

3700 

9.043 

30. 1811 

45.7737 

64.2035 

14.8915 

1421 

.00565 

.2854 

630 

.00283 

3800 

9-063 

3 L 0804 

45 6790 

64.4450 

• 14-5119 

1386 

.00502 

.0952 

020 

.00273 

3900 

9.081 

31.9938 

47.5862 

64.6806 

14. 1515 

1352 

.00460 

-.0665 

004 

-00270 

4000 

9.00S 

32.8026 

48.4952 

64.9108 

13.8086 

1318 

.00474 

—.2202 

590 

.00255 

■4100 

9. 115 

33.8132 

49.4058 

65.1356 

13-4827 

1287 

0.00437 

-a 3636 

578 

0.00226 

4200 

9.131 

34.7255 

5a3181 

65-3554 

13. 1719 

1256 

.00451 

-.5060 

563 

.00217 

4300 

9.147 

35.6394 

5L 2320 

65.5705 

12.8763 

1228 

-.00421 

-.6391 

551 

.00197 

4400 

9.162 

36.5549 

62.1475 

65.7810 

12-5920 

1202 

.00379 

-.7663 

538 

. 00194, 

4300 

9.178 

37.4718 

53.0644 

65.9670 

12.3211 

1174 

.00408 

-.8878 

527 

.00183;.- 

4600 

9.191 

38.3901 

53.9627 

60.1888 

12.0618 

1160 

a 00372 

—L 0042 

610 

aoom 

4700 

9.205 

39.3099 

54.9025 

66.3867 

11.8134 

1127 

.00341 . 

— 1. 1167 

605 

.00169 

4800 

9.218 

40.2311 

55.8237 

66.5806 

11-5752 

1102 

.00350 

-1-2226 

495 

.00168 

4000 

9.232 

41.1536 

.66.7482 

66.7206 

11.3465 

1081 

.00340 

-1-3252 

485 

.00160 

5000 

9.245 

42.0774 

57.6700 

00-9574 

11-1269 

1000 

.00336 

-1.4238 

476 

.00147 

5100 

9.257 

43.0025 

58.5951 

07.J4O0 

ia9l57 

1038 

0.00348 

—1-5186 

407* 

a 00139 

5200 

9-270 

43.92S9 

59. 5215 

07,3205 

ian26 

1020 

.00325 

-1-0098 

468, 

.00138 

5300 

9.282 

44.8565 

60.4491 

07.. 4972 

10.5169 

1001 

.00313 

-1.6976 

449.- 

.00145 ■ - 

5400 

9.294 

45.7863 

61.3779 

67.0708 

IQ- 3284 

962 

.00325 

— 1/7822 

441 

.00142 

5600 

9.306 

46. 7153 

82.3079 

07.8415 

10.1466 

664 

.00316 

-L863S 

433 

.00138 

5600 1 

9.318 

47.6465 

63.2391 

88.0093 

9.9713 

947 

0.00326 

— L9425 

428 

0.00126 

6700 I 

9.330 

48.5789 

64.1715 

68.1743 

9.8019 

630 

.00326 , 

-2-0185 

419 

.00116 

5800 

9.342 

49. 5125 

05. 1051 

68.3367 

9.63S3 

914 

.00328 : 

-2.0919 

412 

.00117 

5900 i 

9.S54 

60.4473 

66.0399 

68.4965 

9. 4801 

900 

.00300"’ 

-2.1629 

405 

.00110 

6000 

9.365 

SL3832 

66.9758 

68.6538 

9.3271 



-212315 

r 
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TABLE XXXII— THERMODYNAMIC PROPERTIES OP HF (GAS) 


[Molecular weight, 20.008) 


<°K) 

», 

/ cal N 

/tolN 

\mole/ 

m 

/ Itcal \ 
\m.ol&) 

/ cal N 

AH* 

RT 

f ( 


log K 


- i7 Y e ,j\ 

V RT) 

100 VT 

* 100 / | 

a 

b 

c 

i 

Vniole °Jt/ 

Wole°K/ 

0 


0 

0 

0 




- 



298.10 

6.6615 

2.0553 

2.0553 

41.5114 

227. 1579 



93.4523 



300 

6.9615 

2.0681 

2.0681 

41.5542 

225.7754 



92.8472 



400 

6.9652 

2.7645 

2.7045 

43.5575 

169.7599 



68.3058 



500 

6.9715 

3.4613 

3.4613 

411124 

136.1421 



53.5438. 


— 

600 

0.9868 

4.1592 

4. 1692 

40.3848 

113.7233 



43.6784 



700 

7.015Q 

4.8592 

4.8602 

47.4039 

97.7043 



36.6149 



800 

7.0627 

5.6631 

6.5631 

48.4038 

85.6849 



31.3051 



000 

7.1290 

6.2727 

6.2727 

49.2396 

76. 3316 



27.1600 



1000 

7.2108 

6.9897 

19897 

49.9950 

68.8439 

6714 

102746 

23.3476 

2969 

0.03070 

1100 

7.3038 

7.7154 

7.7154 

51 0866 

62.7128 

6103. 

102817 

21. 1269 

2694 

0.02600 

1200 

7.4036 

8.4508 

8.4508 

51.3264 

57.5988 

5594 

.02852. 

18.8560 

2473 

.02359 

1300 

7.5058 

9.1962 

9.1902 

IL 9231 

512672 

5164 

.02823 

13.9291 

2267 

.02033 

1400 

7.6084 

0.9520 

9.9520 

62.4831 

49.5504 

4797 

.02700 

13 2752 

2126 

.01847 

1600 

7.7084 

10.7178 

10.7178 

53.0114 

40.3254 

4479 

.02573 

13 8394 

1987 

.01653 

1600 

7.8048 

11.4935 

11.4986 

53.5120 

43.5003 

4201 

a 02452 

12.5810 

1866 

0.01455 

1700 

7.8867 

12.2785 

12.2785 

51 9879 

41. 0046 

3956 

.02332 

11.4683 

1758 

.01333 

1800 

7.9835 

IS. 0726 

13.0728 

54.4417 

38.7835 

3739 

.02161 

10.4788 

1662 

.01236 

1900 

8.0667 

48.8750 

18.8750 

54.8750 

30.7940 

3545 

.02030 

9.5917 ’ 

1677 

.01100 

2000 

8.1427 

14.6854 

14.6854 

512912 

35.0012 

3370 

.01904 

• 17922 

1500 

.01011 

2100 

8.2150 

15.5033 

15.5033 

51 6903 

313774 

3212 

. a 01790 

8.0678 

1430 

100920 

2200 

8. 2828 

16.3282 

16.3282 

51 0740 

31.8995- 

3069. 

.01655 

7.4086 

1367 

.00835 

2300 

8.3464 

17.1697 

17.1597 

614436 

316486 

2938 

.01543 

18059 

1309 

.00768 

2400 

8.4061 

17. 9973 

17.9973 

51 8001 

29.3090 

2818 . 

.01450 

6.2528 

1256 

.00710 

2500 

8.4623 

18.8407 

18.8407 

57.1444 

28.1673 

2707 

.01385 

5.7433 

1200 

.00686 

2600 

8.5152 

18.6896 

116896 

67.4773 

27.1123 

2605 

a 01289 

& 2726 

1161 

100630 

27U0 

8.5650 

2a 5436 

2a 5438 

67.7996 

211346 

2510 . 

.01247 

4.8363 

1119 

.00596 

2800 

8.6124 

21.4025 

ZL 4026 

58.1119 

21 2257 

2423 

.01148 

4.4307 

1080 

.00549 

2800 

8.6672 

22.2000 

22.2660 

58.4149 

24.3787 

2341 

.01087 

4.0528 

1044 

.00510 

3000 

8 . 7 OOO 

23.1338 

23.1338 

58.7091 

23.5675 

2264 

.01058 

36997 

1010 

.00479 

3100 

8.7408 

24.0069 

24.0059 

58.9951 

22.8406 

2193 

100999 

3.3691 

979 

0.00426 

8200 

8.7797 

24. 8819 

24.8319 

59.2732 

22.1513 

2129 

.00940 

3.0589 

949 

.00402 

8300 

8.8169 

25.7617 

26.7617 

59.6439 

21.4976 

2062 

.00933 

2.7673 

921 

.00382 

3400 

8.8627 

26.6452 

21 6452 

59.8077 

218818 

2003 

. .00681 

2.4926 

895 

.00349 

3600 

8.8872 

27.5322 

27.5322 

80. 0848 

20.3007 

1947 

.00847 

2 2334 

870 

.00333 

3600 

8.8205 

28.4223 

28.4226 

60.3156 

19.7514 

1894 

100821 

1. 9684 

847 

100308 

8700 

8.9528 

29.3162 

29.3182 

61 5606 

19. 2318 

1843 

.00820 

1.7564 

624 

.00296 

3800 

8.9642 

312131 

30.2181 

60.7996 

18.7381 

1795 

.00794 

1.5366 

804 

.00265 

8800 

9.0161 

31.1130 

31. 1130 

61. 0334 

18.2609 

1750 

.00780 

1.3278 

784 

.00240 

4000 

9.0453 

32.0181 

32.0161 

61.2820 

17.8246 

1707 

.00756 

1.1294 

766 

.00231 

4100 

9.0760 . 

32.9221 

32.9221 

61.4858 

17.4007 

1666 

100733 

19105 

746 

100228 

4200 

9.1043 

33.8310 

38.8310 

61.7048 

119967 

1626 

.00756 

.7606 

730 

.00203 

4300 

9. 1830 

34.7429 

84.7429 

61. 9194 

16. 6111 

1588 

.00769 

.5888 

713 

.00195 

4400 

9. 1631 

35.6578 

85. t)578 

02.1297 

112426 

1551 

.00773 

.4248 

697 

.00191 

4600 

9. 1936 

30.5756 

31 5766 

62.3359 

118902 

iiia 

.00849 

.2680 

082 

.00174 

■ 4000 

9.2271 

37.4960 

37.4966 

62.5384 

15.5528 

1479 

0.00872 

0.1180 

668 

0.00187 

4700 

9.2823 

38.4211 

■ 314211 

82.7372 

15.2294 

1446 

.00915 

-.0258 

654 

.00156 

4800 

9.2978 

39.3491 

39. 3491 

62.9320 

14.9190 

1416 

.00902 

-.1636 

641 

.00138 

4900 

9.3335 

41 2807 

40.2807 

63.1246 

14. 6210 

1387 

.00910 

-.2958 

629 

.00130 

6000 

9.3090 

41. 2168 

42.2158 

63.3130 

14.3345 

1300 

.00898 

—.4229 

^616 

.00132 

5100 

9.4040 

42.1545 

43.1545 

63.4994 

14.0589 

1334 

a 00870 

-0.5450 

604 

0.00125 

6200 

9.4386 

43.0960 

43.0960 

63.6824 

13.7936 

1309 

.00872 

-.6624 

592 

.00130 

6300 

9.4728 

44.0422 

44.0422 

63.8625 

13.5879 

1285 

.00844 

-.7754 

582 

.00112 

5400 

9.8061 

44.9911 

44. 9911 

64.0399 

13.2915 

1262 

.00845 

-.8843 

571 

.00118 

5600 

9.6391 

45.9434 

419434 

64.2146 

13.0536 

1240 

.00817 

-.9393 

561 

.00112 

5600 

- 9.6718 

46,8989 

41 8989 

64.3868 

12.8240 

1218 

0.00822 

—1.0900 

551 

a 00103 

6700 

9.6040 

47.8577 

47.8577 

64.5565 

12.6021 

1198 

.00795 

-1.1883 

541 

.00102 

5800 

9.6358 

48.8197 

418197 

64.7238 

12 3876 

1177 

.00301 

—1. 2820 

632 

.00103 

6900 

9.6673 

49.7o48 

49.7848 

64.8888 

12. 1801 

1158. 

.00780 

-1.3738 

524 

.00097 

6000 

9.6886 

50.7531 

51 7531 

610515 

11.9793 

— 

— — 

-1.4621 
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TABLE XXXIII — THERMODYNAMIC PROPERTIES OF H 2 0 (GAS) " 


[Molecular weight, 18.0161 


f T 

(°K) 

ej 

/ cai N 

/ kcal \ 
\mole/ 

Hi 

/ teal \ 
* mole/ 

s? 

/ eel \ 

A H° 

< ot)" imGH 



RT 

a 

b 


e 

d 

Vmole °K/ 

VmoIe 0 K/ 

















373 won 



15L5648 











15a 5708 








279.0956 



110.2372 



500 

8-415 

4.0255 

1513666 

49.344 

223.9534 



85.9609 

— 










69.7280 











68.0996 











49.3548 











42.6361 



1000 

9.861 

&.60S0 

19.9391 

55.6180 

113.4355 

11,016 

a 07316 

37.0674 

4875 

0.05158 

uoo 

10.145 

9.6063 

20.9394 

56.6712 

103.3487 

10,019 

0.06833 

32.5840 

4439 

A 04493 

1200 

10.413 

10.6362 

2L9673 

57.4654 

94.9312 

9, 188 

.06491 

28.8399 

4076 

.03902 

1300 

10.668 

11.6902 * 

23.0213 

68.3090 

87.7986 

8,486 

.06137 

25.6655 

3708 

.03457 

1400 

10.909 

12.7691 

24.1002 

59. 1084 

81.6758 

7,886 

.05696 

22.6395 

3505 

.03013 

1500 

11.134 

13.8712 

26.2023 

59.8087 

76.3615 

7,366 

.06315 

2A 6727 

3276 

.02890 

1600 

IL343 

14.9951 

26.3262 

60.5939 

71.7046 

6,913 

0.04863 

18.4983 

3076 

a 02428 

1700 

1L 534 

16.1389 

27.4700 

01.2873 

67.6896 

6.514 

.04401 

16.6662 

2898 

.02200 

1800 

11.708 

17.8010 

28.6321 

61. 0515 

88.9267 

6,160 ■ 

.08959 

15.0332 

2741 

.01957 

1900 

11.865 

18.4767 

29.8108 

62.5887 

60.6460 

5,843 

.03590 

13.5710 

2600 

.01770 

2000 

12.008 

19.6733 

31-0044 

63.2010 

57.6876 

6,557 

.03271 

12.2533 

2474 

.01670 

2100 

12.138 

20.8806 

• 32. 2117 

63.7900 

55.0087 

6,299 

0.02966 

11.0695 

2359 

a 01423 

2200 

12.256 

22.1003 

33.4314 

64.3674 

52.5704 

5,064 

.02886 

9.9730 

2255 

.01277 

2300 

12.364 

23.3313 

34.6624 

64.9045 

50.3418 

4,849 

.02468 

8.9798 

2160 

.01150 

2400 

12.463 

24.5727 

35.9038 

65.4328 

48.2967 

4,668 

.02220 

8.0683 

2072 

.01060 

2500 

12.564 

25.8235 

37.1546 

65.9434 

46.4133 

4,471 

.02040 

7.2288 

1091 

.00993 

2600 

12.638 

27.0831 

38.4142 

66.4374 

44.6732 

4,304 

A 01883 

' 6.4532 

1910 

0.00027 

2700 

12.715 

28.3508 

39.6819 

66.9159 

43.0605 

4,149 

.01691 

5.7343 

1846 

.00896 

2800 

12.786 

29.6258 

40. 9569 

67.3796 

4L6618 

4,005 

.01547 

5.0681 

1781 

.00856 

2900 

12.852 

3a 6077 

42.2388 

67.8294 

4a 1653 

3,871 

.01407 

4.4434 

1721 

.00803 

3000 

12.813 

32.1900 

43.6271 

68.2661 

38.8609 

3,747 

.01239 

A 8617 

1666 

.00728 

3100 

12.968 

33.4900 

44.8211 

68.6904 

37.6398 

3,630 

0.01113 

3.3170 

1613 

0.00664 

3200 

13.018 

34.7893 

46.1204 

09. 1029 

36.4943 

3,520 

.00993 

2.8060 

1564 

.00656 

3300 

13.064 

36.0934 

47.4245 

69.8042 

35.4177 

3,417 

.00890 

2.3255 

1517 

.00642 

3400 

13. 107 

37.4020 

48.7331 

69.8949 

34,4038 

3,820 

.00793 

L8729 

1473 

.00624 

3500 

13.147 

38.7147 

50.0458 

70.2754 

33.4473 

8,228 

.00703 

1.4468 

1431 

.00610 

3600 

13.184 

40.0312 

51.3823 

70.6163 

32.5436 

3,142 

a 00601 

1.0422 

1392 

0.00688 . 

3700 

13.218 

41.3613 

62.6824 

71.0080 

3L6S84 

3,059 

.00550 

.6601 

1365 

.00572 

3800 

13.250 

42.6747 

54.0058 

71.3609 

30.8779 

2,981 

.00484 

.2978 

1320 

.00654 

3600 

13.280 

44.0012 

55.3328 

71-7054 

80.1087 

2,907 

.00425 

-.0462 

1287 

.00525 

4000 

IS. 308 

45.3306 

66.6017 

72.0420 

29.3777 

2,836 

.00379 

-.3732 

1255 

.00520 

4100 

13.334 

46.6627 

67.9938 

72.3710 

28-6822 

2,769 

a 00321 

-A 6845 

1266 

A00480 

4200 

13.358 

47.9973 

69.3284 

72. ©26 

28.0197 

2,705 

.00283 

-.9812 

1198 

.00450 

4300 

13.381 

49.3343 

6a 6654 

73.0071 

27.3878 

2,643 

.00282 

-1.2643 

1170 

.00449 

4400 

13.403 

50.6735 

62.0046 

73.3150 

20.7845 

2,584 

.00238 

’ — L 5347 

1144 

.00438 

4500 

13.424 

52.0143 

63.3459 

73.6164 

2a 2079 

2,628 

.00204 

— L7933 

1119 

.00434 

4600 

13.444 

63.3582 

64. 6893 

73.9117 

25.6563 

2,473 

0.00203 

-2.0409 

1095 

0.00412 

4700 

13.484 

54.7036 

66.0347 

74.2011 

25.1281 

2,421 

.00198 

-2.2780 

1073 

.00396 

4800 

13.483 

56.0510 

67.3821 

74.4847 

24.6218 

2,871 

.00182 

-2.6055 

1051 

.00381 

4900 

13.502 

57.4002 

6S.7313 

74,7629 

24.1861 

2,823 

.00170 

—2.7238 

1030 

.00370 

5000 

13.521 

58.7414 

70.0826. 

75.0359 

23.6098 

2,276 

.00183 

—2.9335 

1010 

.00356 

5100 

13.540 

eai044 

71.4355 

76.3088 

23.2217 

2,232 

A 00177 

-3.1351 

991 

a 00342 

£200 

13.559 

61. 4504 

72.7905 

75.5669 

22.7907 

2,189 

.00168 

-3.3291 

973 

.00322 

5300 

13.577 

62.8162 

74.1473 

75.8264 

22.3760 

2,148 

.00172 

-3.5159 

965 

.00315 

5400 

13.566 

64.1748 

75.5059 

76.0794 

2L 0705 

2,108 

.00163 

—8.6959 

938 

.00305 

5500 

13.614 

65.5353 

76.8664 

70.3290 

2L5916 

2,070 

.00166 

-3.8605 

021 

.00304 

5600 

13.633 

66.8977 

78.2288 

70.5746 

21.2203 

2,038 

aooies 

-4.0370 

005 

0.00293 

5700 

13-651 

68.2619 

79. ©SO 

76.8169 

2a 8620 

1,998 

.00162 

-4.1987 

890 

.00285 

5800 

13.669 

60.6279 

80. 9590 

77.0535 

2a 6169 

1,968 

.00159 

-4.3550 

876 

.00270 

5900 

13.687 

7a 9957 

82.3268 

77.2873 

! 20-1816 

1,930 

-00163 

-4.5061 

860 

.00277 

6000 

13.705 

72.3653 

83.6964 

77.5175 

< 19.8583 

— 


-4.6522 


— 
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REPORT 1037 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


TABLE XXXIV— THERMODYNAMIC PROPERTIES OF 
e~ (ELECTRON GAS) 


[Atomic weight, 6.48*7x10-*] 



C' 




T 

<°K) 

( 081 \ 

/kcal\ 

ykcai\ 

/ cal \ 

\mole 

\moIe/ 

V,mole/ 

\mole ) 

0 


0 

60.0000 


298. 16 

4.9680 

1.4812 

01.4812 

4.9882 

300 

4.9680 

1.4904 

61.4604 

6.0188 

400 

4. 9680 

1. 9872 

61.9872 

5.4480 

500 

4.9880 

2.4840 

62.4840 

7.6565 

600 

' 4.9680 

2.9808 

62.9808 

8.4623 

700 

4.9680 

3.4776 

03.4776 

9. 2281 

800 

4.9680 

3.0744 

63.9744 

9.8915 

900 

4.9680 

4. 4712 

54.4712 

10.4706 

1000 

4.9SQ 

4.9680 

64.9680 . 

11.0001 

1100 

4.0680 

5.4648 

65.4648 

11.4736 

1200 

4.9680 

6.9616 

65.9616 

11.9058 

1800 

4.9680 

6.4584 

6a 4684 

12.3035 

1400 

4.9680 

6.9552 

6a 9552 

12.6717 

1500 

4.9680 

7.4520 

67.4520 ; 

13. 0144 

1600 

4.9680 

7.9488 

67.9488" 

13.3350 

1700 

4.9680 

8.4456 

08.4466 

13. 6362 

1800 

4.9680 

8.9424 

88.9424 

13.9202 

1900 

4.9680 

9.4392 

69.4392 

14. 1888 

2000 

4.9680 

9.9360 

00.9300 

14.4436 

2100 

4.9680 

10.4328 

70.4328"" 

14.6800 

2200 

4.9680 

10.9206 

70.9296 

14 9171 

2300 

4.9680 

11.4264 

71. 4264 

16.1379 

2400 

4.9680 

11.9232 

7L9232 

15.3494 

2500 

4.9680 

12.4200 

72. 4200^ 

1A 5522 

2600 

4.9680 

12.9168 

72. 9168 

Ik 7470 

2700 

4.9680 

13. 4136 

73.4136 

1A9345 

2800 

4. 9680 

13.9104 

73.9104 

10. 11 52 

2900 

' 4.9680 

14.4072 

74.4072 

16.2895 

3000 

4.9080 

14.9040 

74 9040 

10.4679 

3100 

4.9680 

15.4008 

7A40& \ 

ia6208 

3200 

4.9680 

15. 8070 

76.8970 

10. 7786 

8300 

4.9680 

1 A 3944 

75.3944 

1A 9314 

'3400 

4.9680 

16.8912 

7a 8912 

17.0707 

3600 

4.9680 

17.3880 

77.3880^ 

17.2237 

3600 

4.9680 

17.8848 

77.8848 ' 

17.3637 

3700 

4.9680 

18.3818. 

78. 381 A- 

17.4998 

3800 

4.9680 

18.8784 

78.8784 ' 

17.6323 

3900 

4.9680 

19.3752 

79.8752 

17.7614 

4000 

4.9680 

19.8720 

79.8720 

17.8871 

4100 

4.9680 

20.3688 

8a 3688.: 

18.0098 

4200 

4.9680 

2a 8656 

80.8656' 

18.1295 

4300 

4.9680 

21.3024 

81-3624 

1A 2464 

4400 

4.9680 

21.8502 

8L 8592 

18.3600 

4500 

4.9680 

22.35G0 

82.3660 

18. 4723 

4600 

4.9680 

22.8528 

82.8628 ' 

18.5816 

4700 

4.9680 

23.3490 

83.3496 

1A 6883 

4800 

4.9680 

23.8464 

83.8464 

18.7929 

4900 

4.9680 

24.3432 

84.3432 

18.8953 

5000 

4.6680 

24.8400 

84.8400 

18:9957 

6100 

4.9680 

25.3368 

86.3368 

19.0941 

6200 

4.9680 

25.8336 

85.8336 

19.1900 

5300 

4.9680 

20.3304 

86.3304 

19.2852 

5400 

4.9680 

2a 8272 

80. 8272 „ 

19.3781 

5600 

4.9680. 

27.3240 

87.3240 

19.4092 

5600 

4.9680’ 

27.8208 

87.8208’’ 

19.5587 

5700 

4.9680 

28.3176 

88.3175 

19,6467 

6800 

4.9680 

28.8144 

88.8144 

19. 7331 

6900 

4.9680 

29.3112 

89.3112 

19. 8180 

0000 

4.9680 

29.8080 

, 89.8080 . 

.. 19.9016 
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GENERAL ME THOD AND TABLES FOB COMPUTATION' OP EQUTLIBErUM COMPOSITION' AND TEMPERATUBE 

TABLE XXXV— THERMODYNAMIC PROPERTIES OF F~ (GAS) 


[Atomic weight, 19.00] 


T 

(°K) 

C°, 

/ ea! \ 

/ keel \ 
Vmole ) 

m 

Vmole/ 

St - 

/ ad \ 

AH” 

RT 

*(' flr) = ioo (r t6 ) 

log AT 



' 'frr 

a 

6 


c 

i 

Vmcle °K ) 

^mole°:Ej 




11. 9781 


















69.9505 









is" 4685 

34,7988 

154.1656 



60.6105 













5L.6419 





500 

4.9680 

2.4840 

1414621 

3T.3366 

99.5784 


— 

40.8614 










83 4999 



3a 6357 




: ■ ’ 





39 0081 

7L8780 



2a 4472 









39 6715 

63.2172 



24.5355 




‘ 






5a 4793 



. 21-4775 





1000 

A96S0 

4.9079 

16.9460 

,40.7801 

51.0877 

4849 

aoow 2 

19.0187 

2164 

0.05463 



1100 

4. 9680 

5.4647 

17.4428 

41.2535 

,4a 0755 

4409 

0.00333 

16.9968 

1972 

0.04997 



1200 

4,9680 

5.9615 

17-9396 

4L 6858 

42.9980 

4042 

.00297 

15.3035 

1812 

.04005 


. . 

1300 

4.9680 

6.4583 

18.4364 

42.0835 

39.8858 

3732 

.00219 

18.8636 

1677 

.04234 



1100 

4,9680 

6.9551 

18.9332 

42.4517 " 

37.2179 

3466 

.00193 

12.6234 

1561 

.03953 



1600 

4.9680 

7.4519 

19.4300 

42.7944 

34,9053 

3235 

.00172 

11.5432 

1401 

.03648 



1600 

4.9680 

7.9487 

19.9268 

43.1150 

32.8817 

3034 

0.00110 

10.6936 

1873 

0.03435 



1700 

4.9680 

8-4455 

-20.4236 

43.4162 

SL0959 

2855 

.00129 

9.7516 

1299 

.03210 



1800 

4.9680 

8.9423 

20-9204 

43.7002 

29.5085 

2097 

.00103 

• 8.9995 

1227 

.03021 



1900 

4.9680 

9.4391 

21.4172 

43.9688 

2a 0880 

2555 

.00110 

a 3235 

1165 

.02890 



2000 

4.9680 

9.9359 

21.9140 

44.2230 

2a 8094 

2428 

.00001 

7-7121 

UIO 

.02713 


. 

2100 

4.9680 

10.4327 

22.4108 

44.4660 

2a 0520 

2312 

a 00079 

7.1504- 

1059 

0.02614 



2200 

4.9680 

10.6295 

22.9070 

44.0971 

24.6009 

2207 ■ 

.00073 

awss 

1014 

.02473 



2300 

4,9880 

11.4203 

23.4044 

44,9179 

2a 6400 

7 IT 9 

.00040 

a 1833 

972 

.02380 



2400 

4.9680 

11.6231 

23.9012 

45.1294 

22.7002 

2024 

.00030 

a 7545 

934 

.02270 



2500 

4.9680 

12.4199 

24.3980 

46.3322 

21.9503 

1943 

.00039 

6.3582 

80S 

.02173 



2800 

4,9680 

12.9167 

24.8948 - 

45.5270 

21.2020 

1868 

0.00046 

4,9907 

866 

a 02106 


- 

2700 

4.96S0 

13.4135 

25.3916 

45.7145 

20.5103 

1799 

.00040 

4. 6489 

836 

.02023 



2800 

4.9680 

.13.9103 

25.8884 

• 45.8952 

19.8674 

1735 

.00032 

4,3801 

808 

.01958 



2900 

4.9680 

14.4071 

20.3852 

4a 0695 

19.2088 

1675 

.00037 

4.0319 

782 

.01893 



3000 

4. 9680 

1 A 9039 

26.8820 

4a 2379 

ianoi 

1619 

.00044 _ 

a 7523 

758 

.01818 


- •* _ 

3100 

4.9680 

15.4007 

27.3788 

4a 4008 

iai874 

1567 

0.00031 

a 4396 

735“ 

a 01701 



3200 

4.9680 

15.8975 

27.8756 

4a 5586 

17.6974 

1518 

.00030 

a 2423 

7U 

.01704 



3300 

4.9880 

16.3943 

28.3724 

4a 7114 

17.2871 

1472 

.00036 

aoos9 

094 

.01058 



3400 

4.9680 

16. 6011 

28.8602 

4a s sos 

18-8038 

1429 

.00021 

2.7882 

" 675 

.01014 



3500 

4.9680 

17.3879 

29.3660 

47.0038 

16L3953 • 

1388 

.00024 

a 5792 

658 

.01542 


-TT 

3600 

4.9680 

' 17-8847 

29.8628 

AT. 1437 

16.0095 

1350 

a 00014 

2.3810 

641 

0.01506 



3700 

4.9680 

18.8815 

30.3596 

47.2798 

15.6445 

1313 

.00027 

a 1927 

625 

.01473 



3800 

4.96S0 

18.8783 

3a 8564 

47.4123 

15-2987 

1279 

.00006 

2.0135 

610 

.01429 



3900 

4,9680 

19.3751 

3L 8532 

47.6414 

14.9707 

1246 

.00019 

L8428 

595 

.01415 



4000 

4.9680 

19.8719 

31-8600 

47.8872 

14,6591 

1216 

.00016 

1.0799 

582 

. .01385 



4100 

A 9680 

20.3687 

32.3468 

47.7898 

IA3626 

1 185 

0.00026 

1. 52£J 

569 

a 01332 



4200 

4,9680 

20. 8655 

32.8430 

47.9095 , 

14.0802 

1157 

.00013 

1.3765 

557 

.01297 



4300 

4,9080 

21.3623 

33.3404 

48. 0264 

lasiio 

1130 

.00018 

1.2330 

545 

.01274 



4400 

4.9680 

21.8591 

33.8372 

48.1406 

13.5540 

1104 

.00017 

L09 64 

534 

.01243 



4500 

A96S0 

22.3559 

34.3340 

48.2523 

ia3085 

1080 

.00012 

.9653 

524 

.01199 



4600 

4.9680 

22.8527 

34.8308 

48.3615 

ia0736 

1057 

0.00001 

0.8394 

514 

a 01174 


• 

4700 

4.9680 

23.3495 

35.3276 

48.4683 

12.8487 

1034 

.00008 

.7183 

504 

.01150 



4800 ‘ 

4.9680 

23.8463 

35.8244 

48.5729 

12.6332 

1013 

.00007 

.0018 

494 

.01138 



4600 

4.9680 

24,3431 

88.3212 

48-6754 

12.4264 

992 

.00000 

.4890 

485 

.onio 



5000 

4.9680 

24,8399 

80.8180 

48-7757 

12.2280 

972 

-OOOll 

.8815 

477 

.01087 



5100 

4.9680 

25.3367 

37.3148 

4a 8741 

12.0373 

95S 

0.00013 

0.2771 

468 _ 

aoi070 



5200 

4,9680 

25. 8335 

37.8110 

4a 9706 

11.8539 

934 

.00017 

.1764 

460 

.01051 



5300 

4.9680 

26.3303 

38.3084 

49.0652 

11.6775 

917 

-00009 

.0791 

453 

.01031 



5400 

4,9680 

26-8271 

38.8052 

49.1581 

1L.5076 

900 

-00015 

—.0151 

415 

.01009 



5500 

4.9680 

27.3239 

39.3020 

49.2492 

11.3438 

SS3 

, .00012 

-.1001 

439 

.00981 


• ii 

5600 

4.9680 

27-8207 

39.7988 

49.3387 

1L I860 

868 

0.00012 

-0.1943 

432 

0.00901 


■ 

5700 

4.96S0 

28.3175 

40.2956 

49.4207 

11.0836 

853 

.00003 

—.2797 

425 

.00942 


_ * 

5800 

4.9680 

28.8143 

40.7924 

49.5131 

10.8865 

838 

1 .00007 

— .3624 

419 

.00928 




5900 ' 

4.9680 

29.3111 

41.2892 

49.5980 

■ ia7444 

824 

.00007 

—.4427 

413 

.00917 



6000 

4.9680 

29.8079 

4L7860 

49.6815 

laeoTO 


1 

— .5207 







876 


REPORT 1Q37 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


TABLE XXXVI— THERMODYNAMIC PROPERTIES OF Li + (GAS) 


[Atomic weight, 6.M0] 


T 

(°K) 

C% 

/ oal N 

/ kcal \ 
Vmole/ 

AT? 

/ kcal \ 
Vmole/ 

S? 

/ cal \ 

A IP 
RT 

•(HS) 

-w(M 

log K 

4 log K— 

isr(! i+i ) 

a 

b 


c 

i 

\mole “K/ 

\mole ° K) 

0 


0 

23a 7290 








298,16 

4.9680 

1.4812 

232.2102 

3L 7802 

- 21 L 5052 



-91.0660 



300 

4.9680 

1.4903 

232. 2193 

SI. 7967 

-210. 2229 



-9a 5026 



400 

4.9680 

L9871 

232. 7161 

33.2259 

-158.2922 



-67.6371 



500 

4.9680 

2, 4839 

233.2129' 

34.3345 

-127.1337 



-53.8629 

— 



600 

4.9680 

2.9807 

233.7097 

35.2403 

-10a3614 



-44.6436 



700 

4.9680 

3.4773 

234.2063 

36.0061 

-91. 5241 



—38.0320 



800 

4.9680 

3.9743 

234.7033 

36.0695 

-80.3961 



—33.0546 



900 

4.9680 

4.4711 

233.2001 

' 37. 2646 

-71. 7410 



-29.1679 



1000 ' 

4.9680 

4.9679 

235.6969 

37. 7780 

-64.8169 

-6232 

a 00035 

-2a 0464 

-2761 

-6.05380 

1100 

4.9680 

5. 4647 

236.1937 

38.2515 

-59. 1618 

-6665 

-a 00017 

-23.4826 

-2816 

-a 04897 

1200 

4.9680 

5.9616 

236.0905 

38.6838 

-514308 

-6193 

-.00008 

-21.3378 

-2310 

-.04488 

1300 

4.6680 

6.4583 

237. 1873 

39.0814 

-5a 4361 

-4793 

-.00043 

-19.61® 

-2130 

-.04179 

1400 

4.9680 

6.9531 

237.6841 

39.4496 

-47. 0121 

-4451 

-.00017 

-17.9486 

-1987 

-.00893. 

1500 

4.9680 

7.4319 

238.1809 

39.7924 

-44.0446 

-4164 

—.00036 

-ia6819 

-1858 

-.03655 

1600 

4.9680 

7.9487 

238.0777 

4a 1130 

-4L 4480 

-3894 

-0.00061 

-18.3871 

-1745 

-a 03433 

1700 

4.9680 

8.4455 

239. 1745 

4a 4142 

-39.1569 

-3664 

-.00104 

-14.3263 

-1646 

-.03206 

1800 

4.9680 

8.9423 

239.6713 

40.6981 

-37. 1203 

-34® 

— . 00125 

—la 3798 

-1658 

-.03000 

1900 

4.8680 

9.4391 

240.1681 

4a 9668 

-36.2980 

-3277 

— . ®180 

-12.5298 

-1479 

02840 

2000 

4.9080 

9.9369 

240.6649 

41. 2216 

-33. 9377 

-3112 

-.00220 

-11. 7619 

-1408 

-.02082 

2100 

4.9680 

10.4327 

241.1617 

41.4640 

-32.1730 

-2963 

-a 00258 

• -11.0646 

-1343 

-a 02585 

2200 

4.9680 

10.9295 

241.6386 

41. 6951 

-sa8242 

-2827 

-.00327 

—16.4283 

-1286 

-.02440 

2300 

4.6680 

11.4263 

242. 1553 

41. 9159 

-29.6918 

-2702 

-.00407 

-9.8462 

-1231 

-.02348 

2400 

4.9680 

11.9231 

242.6621 

42.1273 

-28.4619 

-26® 

-.00480 

-9.3088 

-1183 

-.02220 

2500 

4.6680 

12.4199 

243.1489 

42,3301 

-27. 4219 

-2482 

-.00369 

-8. 8134 

-1138 

-.02111 

2600 

4.9680 

12.9167 

243.6457 

42.6250 

-26. 4616 

-2384 

-JX 00674 

-a *540 

-1097 

-0.02010 

2700 

4.9680 

13.4135 

244.1425 

42.7125 

-25.5719 

—2293 

00777 

-7.9282 

-1058 

-.01944 

2800 

4.9680 

13. 9103 

244.6393 

42,8932 

-24. 7462 

-2208 

. -.00892 

-7.6309 

-1023 

-.01844 

2000 

4.9680 

14.4071 

245. 1801 

43.0675 

-23.9748 

-2129 

-.00983 

-7. 1697 

-990 

-.01770 

3000 

4.9680 

14.9039 

245.6329 

43.2359 

-23.2554 

-2036 

-.01090 

-a 8120 

-959 

-. 01095 

3100 

4.9680 

‘ 15.4007 

248. 1297 

43.3988 

—22.6816 

-1986 

-ami78 

-a 4867 

-930 

r -a 01638 

3200 

4.9680 

15.8973 

246.6265 

43.5565 

-21.9492 

-1921 

-.01368 

-a 1787 

-903 

-.01666 

3300 

4.9080 

10.3943 

247.1233 

43.7094 

-21.3544 

-1860 

-.01354 

-5.8894 

-878 

-.01506 

3400 

4.9080 

16.8911 

247. 6201 

43. 8577 

-20.7938 

-1802 

-.01444 

-a 6161 

-854 

-.01440 

3300 

4.9680 

17.3879 

248.1169 

44.0017 

-20.2645 

-1748 

-.01524 

-6.8677 

-831 

-.01397 

3600 

4.9680 

17.8847 

248.0137 

44.1417 

-19.7637 

-1698 

-a 01668 

-A 1129 

-810 

-a 01348 

3700 

4.9680 

18.3816 

249. 1106 

44.2778 

-19. 2891 

-1649 

-.01645 

—4.8805 

-790 

— . 01291 

3800 

4.9680 

18.8783 

249.6073 

44.4103 

-18.8387 

-1003 

-.01707 

-4.6597 

-771 

—.01231 

3900 

4.9680 

19.37S1 

230. 1041 

44.6393 

-18.4106 

-1861 

-.01743 

-4.4497 

-763 

-.01195 

4000 

4.9680 

19.8719 

230.6009 

44.6631 

—18.0029 

-1620 

-.01787 

-4.2496 

-730 

-.01149 

4100 

' 4.9680 

20.3687 

261.0977 

44.7878 

-17. 6143 

-1481 

-a 01838 

-4.0585 

-720 

-a 01097 

4200 

4.9680 

20.8655 

251.5945 

44.9075 

-17.2433 

-1444 

-.01869 

-3.8701 

-705 

-.01045 

4300 

4.9680 

21.3623 

252. 0913 

45.0244 

-ia8888 

-1410 

- -.01895 

-a 701 7 

-690 

-.01008 

4400 

4.9680 

21.8391 

262.5881 

46.1388 

— la 5494 

-1376 

-.01922 

-3.6348 

-676 

-.00908 

4300 

4.9680 

22.3559 

253. 0849 

45.2602 

— la 2244 

-1343 

-.01941 

•-3.3749 

-663 

-.00927 

4600 

4.9680 

22.8527 

253.5817 

45.3594 

-15. 0126 

-1315 

—a 01961 

.-a 2215 

-650 

-0.00890 

4700 

4.9680 

28.3495 

■234.0783 

45.4663 

-15.6132 

-1286 

-.01978 

-3.0743 

-639 

-.00838 

4800 

4.9680 

23.8463 

254.5753 

48.5709 

-15.3255 

-1259 

-.01988 

-2. 9328 

-626 

- -.00814 

4900 

4.9680 

24.3431 

255.0721 

43.6733 

-15.0487 

-1233 

-.01990 

—2. 7969 

-616 

-.00770 

5000 

4.9680 

24.8399 

265.5689 

43.7737 

-14.7822 

-1208 

-.01994 

-2.0660 

-605 

-.00737 

5100 

4.9680 

23.3367 

256.0657 

45. 8721 

-14.5254 

-1185 

-6.01982 

-2.8400 

-696 

-a 00708 

3200 

4.9880 

26.8333 

256.5625 

43.9686 

-14.2777 

-1163 

-.01907 

-2.4183 

-686 

—.00672 

5300 

4-9680 

26.3303 

267.0693 

46.0632 

-14.0386 

—1142 

-.01942 

-a 3014 

-676 

-.00633 

5400 

4.9680 

26.8271 

257.5561 

46. 1500 

-13.8077 

-1122 

01930 

-2.1884 

-608 

-.00593 

5500 

4.9680 

27.3239 

258.0529 

46.2472 

-13.5844 

-1103 

-.01904 

-2.0792 

-558 

-.00570 

5600 

4.9680 

27.8207 

258.5497 

46.3367 

-13.3684 

-1084 

-a 01882 

-1.9738 

-550 

-0.00551 

5700. 

4.9680 

28.3176 

259.0465 

46.4246 

-13. 1594 

-1067 

-.01853 

—1.8718 

-541 

-.00532 

5800 

4.9680 

28.8143 

259.5433 

4a 5110 

-12.9569 

-1050 

-.01833 

—1.7732 

-534 

-.00499 

3900 

4.9680 

29.8111 

260.0401 

46.5960 

-12. 7600 

-1033 

-.01813 

— 1. 0777 

-626 

—.00473 

6000 

4.9680 

29.8079 

260.5369 

40.6793 

-12. 5703 




-1.6833 
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TABLE XXXVII — THERMODYNAMIC PROPERTIES OP 

Li (GAS) 

[Atomic weight, 0.940] 


T 

(°K) 

C% 

z' ca! \ 

/kol\ 

Vmole/ 

Hi 

Vmole/ 

st 

/ cel \ 

Vmole °KV 

Vmole “K/ 

0 


0 

16a 8941 


298.18 

4.6680 

L4806 

168.3750 

33.1418 

300 

4.6680 

L4604 

168.3845 

33.1734 

300 

4.96S0 

L9S72 

168.8818 

34 6026 

500 

4.6680 

2.4840 

169.3781 

3a 7112 

600 

'4.6680 

2.9808 

169.8749 

38.6169 

TOO 

4.9680 

3.4776 

170.3717 

37.3828 

800 

4.9680 

3. 6743 

170.8684 

88.0481 

900 

4.6680 

4.4711 

171.3652 

38.6312 

1000 

4.6680 

46679 

171. 8620 

39.1547 

1100 

4.0680 

5.4647 

172.3588 

39.6282 

1200 

4.9680 

5.6615 

172.8656 

400606 

1300 

4.9681 

6.4583 

173.3524 

40.4581 

1400 

4.9683 

6.9551 

173.8492 

40.8263 

1600 

4.9687 

7.4520 

' 174.3481 

4L1691 

1600 

4. 6698 

7. 9489 

1748430 

41.4898 

1700 

4.9711 

8.4459 

175.3400 

4L79U 

• 1800 

4.9736 

8.9432 

175. 8373 

42L0763 

1900 

4.6775 

9.4407 

176.3348 

42.3443 

2000 

ACS2S 

9.9388 

17a 8329 

42.590S 

2100 

4.9608 

10.4374 

177.3315 

42.8431 

2200 

5.0011 

10.9370 

177.8311 

43.0755 

2300 

5.0142 

1L4378 

178.3319 

43.2981 

2400 

5.0304 

11.9400 

178.8341 

43.5119 

2500 

5.0506 

12.4441 

179. 8382 

43.7176' 

2600 

5.0742 

12.9503 

179.8444 

43.9162 

2700 

5.1017 

13.4591 

ISO. 3532 

44.1082 

2800 

5.1332 

13.6709 

180.8860 

44.2943 

2900 

5.1687 

14.4859 

18L 3800 

44.4730 

3000 

5.2083 

15.0048 

181.8989 

44.6509 

3100 

5.2520 

1515278 

182.4219 

44.8224 

3200 

5.2997 

16.0554 

182.9495 

44.9899 

3300 

5.3467 

16.5879 

183.4820 

45. 153S 

3400 

5.4034 

17.1255 

1840196 

45.3143 

3500 

5.4619 

17.6688 

184.5629 

45.4718 

3800 

6.5223 

18.2180 

185.1121 

456265 

3700 

5.5841 

18.7733 

185.6674 

45.7786 

3S00 

5.6495 

19.8350 

186.2291 

45.9284 

3900 

5.7182 

19.9034 

1861 7975 

46.0760 

4000 

5.7870 

2a 4786 

187.3727 

4a 2217 

4100 

5.8586 

2L0609 

187.9630 

48.3855 

4200 

5.9316 

21.6504 

188.5445 

4a 6075 

4300 

6.0053 

22.2473 

189.1414 

46.64S0 

4400 

6.0813 

22.8516 

189.7457 

46.7889 

4500 

6.1576 

23.4636 

190.3577 

48.9244 

4600 

6.2356 

24.0832 

190.9773 

47.0606 

4700 

6.3129 

24.7106 

191.6047 

47.1955 

4800 

6.3919 

25.3459 

192.2400 

47.3293 

4600 

6.4702 

25.6860 

192.8831 

47.4619 

8000 

6.5465 

2a 6400 

193.5341 

47.5934 

5100 

6.6275 

27.2988 

194. 1929 

. 47.7238 

5200 


27.9665 

1648596 

47.8538 

6300 

6.7833 

28.6399 

19a 5340 

47.9818 

5400 


29.3222 

19a2163 

48.1098 

5500 

| 6.9373 

aaom 

19a 9062 

43.2359 

6600 

i 7.0130 

iKx^a 

197.6037 

48.3616 

6700 


31. 4140 

198.3087 

48.4863 

5800 

7.1017 

32.1271 


4A 6102 

5900 

7.2348 

32.8469 

■ v tp vl 

4a 7333 

6000 

7.3063 

33.6740 


48.8555 
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TABLE XXXVIII— 1 THERMODYNAMIC PROPERTIES OP LiF (GAS) 


[Molecular weight, 25.940] 


T 

<°K) 

/ cal \ 

Iii-Hl 
/ keal \ 
\mole/ . 

r 

HI 

/ kcal \ 
vmole) 

S} 

/ cal \ 

A H° 
RT 

<H) 

) 

log a: 


a 

' 5 

c 

i 

Vmole'Ky 

\mole °Kj 

0 


0 

77*0204 








298. 16 

7.0836 

2.0706 

sa 0000 

47.1209 

233.2688 



960767 



300. 

7.0872 

2.0928 

80.0130 

47.1645 

231.8488 ' 



95.4543 



400 

7. 3314 

2.8120 

. 8a 7333 

49. 2340 

174.2840 



70.2551 



600 

7.6048 

a 559§ 

81.4802 

5a 9005 

139.7116 


— 

55.1023 

— 



600 

7.8484 

4.3328 

82.2532 

52.3002 

116 0350 



44.6610 



700 

8.0471 

i 1280 

83.0484 

5a 5345 

10a 1316 



37. 7391 



800 

8.2042 

a 9409 

8a8613 ■ 

54.6197 

87.7402 



32.2905 



000 

8. 3275 

a 7677 

84.6881 

55. 5935 

7a 0930 



260630 



1000 

8.4246 

7.6055 

85.5259 

5& 4761 

70.3683 

6831 

0.02390 

24! G604 

3039 

0.01707 

1100 

8.6016 

a 4618 

8a3722 

67.2826 

64.0434 

■ 6306 

0.01920 

21.8896 

2765 

0.01483 

1200 

8.5636 

ft. 3050 

87.2264 

5a 0250 

sa 7002 

5785 

.016® 

19.5706 

2536 

.01353 

1300 

8.-6137 

10. 1630 

88.0843 

6a 7124 

54.3030 

5344 

.01236 

17.6063 

2343 

.01173 

1400 

8.6549 

11.0273 

8a 9477 

50.3523 

50.4741 

4965 

.01050 

15. 9210 

2177 

.01077 

1600 

8.6890 

11.8945 

80. 8149 

59.0506 

47.1536 

4637 

.00858 

14. 4580 

2033 

.00988 

1600 

8.7176 

12.7649 

90.6863 

60.6123 

44. 2469 

4350 

0.00668 

13.1784 

1007 

0.00904 

1700 

8.7416 

13.6378 

91.6582 

61. 0416 

41. 6814 

4096 

.00564 

12.0476 

1796 

.00642 

1800 

8.7621 

14.5130 

92.4334 

61. 5417 

39.4002 

3871 

.00433 

1L04I4 

1®7 

.00774 

1900 

8.7796 

15.3901 

93.3105 

62.0159 

37. 3585 

3060 

.00330 

10.1405 

1609 

.00710 

2000 

8. 7048 

16.2688 

94.1892 

62.4060 

35.5207 

3488 

.00215 

0. 3289 

1529 

.000® 

2100 

8.8079 

17.1489 

95.0693 

62.8061 

3a 8670 

3324 

a 00109 

6 5040 

1457 

0.00633 

2200 

8.8194 

ia0303 

9a 9607 

ea 3061 

32.3456 

8175 

-.00037 

7.9254 

1392 

.00578 

2300 

8.8295 

16 9128 

06.8332 

6a 6083 

30.9651 

3040 

—•.00117 

7.3144 

1332 

.00500 

2400 

8.8384 

19.7961 

97.7165 

64.0743 

29.6996 

2017 

-.00280 

6 7538 

1277 

.00540 

2600 

8. $453 

.20.6804 

9a 6008 

64.4353 

2a 5356 

2803 

— .0Q37S 

6 2376 

1226 

.00520 

2600 

8.8634 

21. 5664 

90.4858 

64.7824 

27.4613 

26® 

-0.00486 

a7608 

1170 

0.00523 

2700 . 

8.8697 

22. 4510 

100.8714 

65.1166 

26.4669 

2602- 

-.00639 

a 3189 

1136 

.00409 

2800 

8.8653 

23. 3373 

101.2577 

6a 4389 

25.5440 

2512 

-.00731 

4. 0082 

1005 

.00511 

2000 

8.8704 

24. 2241 

102. 1445 

66. 7501 

24.6851 

2429 

-.00867 

4.5255 

1058 

.00483 

3000 

a 8760 

26. 1118 

103. 0317 

66.0509 

23.8841 

2361 

-.00969 

4.1680 

1023 

.00480 

3100 

a 8792 

2a 9990 

loa 9194 

G6.3420 

23.1354 ' 

2279 

-a 01079 

3.8332 

990 

6 00473 

3200 

8.8830 

2a 8871 

1048076 

64 6239 

22.4340 

2210 

-.011® 

3. 6191 

959 

.00479 

3300 

8.8866 

27.7760 

105.6060 

' 6a 8973 

21.7759 

2146 

-.01248 

3.2237 

030 

.00477 

3400 

8.8897 

28.6644 

106.6848 

67.1627 

2L 1572 

20& 

-. 01397 

2.0454 

003 

JW470 

3600 

8.8926 

29.5536 

107.4739 

67.4204 

. 20.5746 

2030 

-.01439 

2.6827 

877 

.001® 

3000 

8.8963 

80.4429 

10a 3633 

' 67.6710 

20.0251 

1975 

-0.01473 

2.4344 

. 852 

0.00493 

3700 

8.8978 

3L 3326 

109.2630 

67.9147 

19.5061 

1925 

-.01668 

2.1992 

829 

.00484 

3800 

8. 9001 

32.2226 

110. 1420 

68.1620 

19.0152 

1878 

-. 01674 

1.9762 

807 

.00498 

3900 

8.9022 

33. 1126 

111. 0330 

ea 3832 

ia5504 

IS® 

-.01670 

1.7643 

786 

.00510 

4000 

8.9041 

34.0029 

11L9233 

6aeos7 

laiooe 

17W 

-.01735 

1.5627 

760 

.00607 

4100 

a 9060 

34.8934 

112.8138 

6 a 8286 

17. 6911 

1745 

-a 01788 

1.3708 

748 

0.00500 

4200 

8.9076 

35.7841 

113. 7046 

69.0432 

17.2935 

1704 

-.01788 

1. 1877 

729 

.00617 

4300 

a 9002 

36. 6749 

114.5953 

69.2528 

iaoi6i 

1668 

— . 01870 

1.0130 

712 

.00528 

4400 

a 9107 

37.6659 

116.4863 

60.4576 

la 5548 

1630 

-.01872 

.8459 

606 

.00523 

4500 

a 9121 

3a 4671 

116.3775 

00.6579 

16 2113 . 

1506 

—.01026 

.6860 

680 , 

.00537 

4600 

a 9134 

39.3484 

117. 2688 

69.8538 

15.8836 

1561 

-a 01923 

65328 

G66 

600641 

4700 

8 . 0146 

40.2398 

118. 1602 

7a 0445 

*15.6707 

1520 

01944 

.3850 

651 

.00538 

4800 

8. 9157 

4L 1313 

110. 0517 

70.2332 

15.2710 

1497 

-.01941 

.2449 

630 

.00560 

4000 

a 9168 

42.0229 

110.0433 

70.4170 

14.0855 

1468 

-.01970 

.1005 

023 

.00670 

6000 

a 9178 

42.9146 

120.8350 

70.5972 

14.7116 

1437 

-.01036 

-.0208 

011 

.00560 

6100 

a 9187 

4a 8064 

121.7268 

7a 7738 

14.4492 

1400 

-0.01946 

-61462 

598 

0.00580 

6200 

a 9106 

44.6084 

122.0188 

70.0470 

14.1977 

1381 

-.01917 

-.2670 

580 

.00583 

5300 

8.9204 

45.5004 

123.5108 ' 

71.1160 

13.9563 

1355 

-.01933 

-.3834 

675 

.00692 

5400 

a 9212 

46. 4824 

124. 4028 

7L 2836 

13. 7247 

1828 

-.01885 

-,4958 

564 

.00595 

5600 

a 9220 

47.3746 

125.2950 

. 71.4474 

13.6021 

1303 

-.01878 

-.0043 

553 

.00606 

6600 

a 9227 

4a 2668 

12a 1872 

71.6081 

13.2882 

1279 

-a. 01868 

-6 7091 

543 

0.00604 

6700 

a 9234 

49. 1591 

127.0705 

71. 7661 

13. 0825 

1255 

-. 01828 

—.8104 

534 

.00003 

6800 

a 9240 

5a 0615 

127.0719 

71. 9313 

12.8844 

1232 

-.01811 

-.9085 

524 

.00609 

6900 

a 9246 

50.9439 

12a 8643 

• 72.0738 

12.6937 

1209 

-.01780 

-L0O34 

515 

.00617 

6000 

8.0252 

61.8364 

.129.7568 

72.2238 

12.5100 



. -LOOM 






GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPERATURE 

TABLE XXXIX— THERMODYNAMIC PROPERTIES OF LiH (GAS) 


[Molecular weight, 7.948] 
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REPOET 1037 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TABLE XL— THERMODYNAMIC PROPERTIES OF N (GAS) 


[Atomic weight, 14.0081 


r 

C°K) 

/ oal \ 

Hf-Hg 

/ kcal \ 
\mole/ 

Hf 

/ kcal \ 
\moley 

Sf 

/ cal \ 

\mole °K / 

\mole 0 Kj 

0 


0 

85.9696 


208. 16 

4.9680 

1.4812 

87.4508 

3 a 6145 

800 

4.9680 

1*4904 

87.4600 

36.6450 

400 

4, 9680 

• 1.9872 

87. 9508_ 

3a 0742 

500 

4.9680 

2.4840 

88.4530 

39.1828 

600 

4.9680 

2.9808 

8a 9504 

40.0885 

700 

4.9680 

3.4776 

89.4472 

■ 40.8544 

800 

4.9680 

3.9744 

89.9440 

4L 5177 

900 

4.9680 

14712 

90.4408 

42. 1029 

1000 

4.9680 

19680 

9a 9376 

42.0263 

1100 

4.9680 

5. 4048 

9L 4344 

43.0998 

1300 

4.9680 

5.9616 

9l* 9312. 

43.6321 

1300 

4.9680 

6.4584 

92.4280 

43.9297 

1400 

4.9680 

6.9552 

92.9248 

44.2979 

1600 

4.9680 

7.4520 

93.4216, 

44.6406 

1000 

4.9680 

7.9488 

93.9184" 

44.9613 

1700 

4.9681 

8.4466 

94.4152 

45.2625 

1800 

4.9683 

8.9424 

94.912Q 

45.5464 

1900 

4.9685 

9.4393 

95.4089 

46.^161 

2000 

4.9690 

9.9362 

95.9058. 

490699 

2100 

4.9697 

10.4331 

96.40#' 

49 3124 

2200 

4.9708 

10.9301 

96.8997 

46.5436 

2300 

4.9724 

11.4273 

97.3969' 

46.7046 

2400 

4,9746 

11.9246 

97.8942 

4a 9783 

2600 

,4.9777 

12.4222 

9a 3918 

47.1794 

2000 

■£.0816 

14 9202 

98.8898. 

47.3747 

2700 

4.9809 

13. 4180 

99.3882" 

47.5628 

2800 

4.9935 

13. 9177 

99.8873 

47.7443 

2900 

5.0016 

114174 

10a 3870 

47.9197 

8000 

5,0108 

119180 

109 8876. 

48.0894 

3100 

5.0222 

15.4197 

101.3893? 

4a 2539 

3200 

6.0364 

15.9226 

101.8922 

4a 4135 

3300 

8.0504 

16.4268 

102.3964 

48 5687 

3400 

5.0676 

16,9327 

102:9023 

4a 7197 

3600 

6.0866 

17.4404 

108.4100 

4a 8669 

3600 

8.1079 

17.9602 

103.9198. 

49.0106 

3700 

6.1312 

18.4621 

104.4317 

4a 1508 

3800 

6.1607 

18.9766 

104.9461 

49.2880 

3900 

6.1844 

19.4938 

.106.4632 

49.4223 

,4000 

6.2143 

21 0136 

105. 9831 _ 

49.5539 

4100 

5.2461 

20.5365 

106. 6061* 

49.0830 

4200 

5.2800 

21.0628 

107.0324 

49 8099 

4300 

5,3168 

21,5928 

107, 5622 

49.9346 

4400 

5.3533 

22.1281 

ioaa»57 

50.0572 

4600 

5.3927 

22.6634 

10a 6330 

50.1779 

4600 

5.4336 

23.2047 

109,1743, 

50.2909 

4700 

6. 4769 

23. 7502 

109.7198 

50.4142 

4800 

6. 5197 

2t. 2999 

110. 2696 

50.5299 

4900 

6.5646 

24.8542 

119 8238 

50.6442 

5000 

6.6108; 

26.4129 

111.3826 

50.7571 

5100 

6.6581 

25.9764 

111. 9460 

50.8687 

5200 

6.7063 

26.5446 

112. 6142 

69 9790 

6300 

5.7553 

27.1177 

118.0873 

51.0882 

6400 

5.8052 

27.6957 

IIS. 0663 

5L 1962 

5500 

5.8658 

2a 2788 

U4.24S4. 

5L3032 

5600 

6.9070 

28.8009 

114. 8388 

51.4092 

6700 

5. 9588 

29.4602 

115.4298 

51. 5142 

6800 

6.0114 

30. 0587 

119.0283 

51. 6183 

6900 

6.0644 

80.6626 

116.6321 

51.7215 

6000 

6.1179 

81.2716 

117. 2412 

61.8238 




GENERAL METHOD AND TABLES TOR COMPUTATION OP EQUILIBRIUM COMPOSITION AND TEMPERATURE 881 

TABLE XLI— T HER MODYNAMIC PROPERTIES OF N, (GAS) 


[Molecular weight, 28.010] 


T - 

(°K\ 

<1 . 
( \ 

f teal \ 
Vmole/ 

m 

/ teal \ 
vmole/ 

s?- 

/ cal \ 

A fi° 
RT 



log K 

l log K— 


a 


e 

d 

\moIe °ELj 

Vmole °K) 




f 6992 
















119.4348 











118.6656 











87.4738 



500 

7.070 

a 4850 

5. 1842 

49.385 

172.8306 



6A 7259 

— 










56.2064 











47.2492 











40.5214 











35.2815 


- 

1000. 

71816 

7. 2025 

8.9017 

54! 5090 

87.0447 

8565 

‘ a 03284 

31.0841 

3756 

a 02405 

1100 

7.947 

* 7.9907 

9.6899 

55.2601 

79.2255 

7790 

0.02943 

27.6455 

3418 

0.02057 

1200 

S.063 

A7912 

10.4904 

55.9565 

72.7044 

7145 

.02594 

24.7766 

3186 

.01779 

1300 

8. 165 

9.6026 

11.3018 

56.6060 

67.1823 

6000 

.02241 

22.8465 

2898 

.01510 

1400 

8.203 

10.4235 

12.1227 

57.2143 

62.4456 

0133 

.01823 

20.2614 

2603 

.01347 

1600 

8.330 

11.2520 

12.0518 

57.7863 

58.3377 

5727 

.01732 

1A4526 

2515 

.01233 

1600 

8.399 - 

12.0891 

13.78S3 

5A 3261 

54.7410 

5373 

a 01481 

1 A 8684 

2300 

0.01070 

1700 

8.409 

12.9320 

14.6312 

58.8371 

6L 5656 

5060 

.01309 

15.4694 

2223 

.00970 

1800 

8.512 

13.7805 

1 A 4797 

59.3221 

4A7414 

4781 

.01188 

14.2247 

2101 

.00881 

1900 

8.560 

14.6341 

10.3333 

59.7836 

4a 2132 

4532 

.01050 

13.1101 

1991 

.00830 

2000 

8.002 

15.4922 

17.1914 

6a 2237 

43.9367 

4308 

.00927 

12.1063 

1863 

. 00757 

2100 

8.640 

1A3543 

18.0535 

60.0443 

4L.8780 

4105 

0.00819 

11.1973 

1804 

0.00700 

2200 

8.674 

17.2200 

18.9192 

61.0471 

4a 0019 

3921 

.00702 

10.3703 

172® 

.00647 

2300 

8.705 

18.0890 

19.7882 

6L 4333 

3A 2901 

3753 

.00595 

9.6147 

1649 

.00602 

2400 

8.733 

18.9609 . 

2a 6601 

6L 8044 

3a 7204 

3599 

.00490 

8.9216 

1581 

.00570 

2000 

8.759 

19.8355 

2L5347 

62.1614 

35.2759 

3457 

.00419 

8.2385 

1519 

.00527 

2000 

8.783 

20.7126 

22.4118 

62,5054 

33.9421 

3827 

0.00298 

7.6940 

1461 

0.00409 

2700 

8. SOS 

21.5920 

2A2912 

6 A 8373 

32.7060 

3207 

.00174 

7.1479 

1407 

.00500 

2800 

8.8263 

22.4735 

24.1727 

6A1579 

31.5598 

3096 

.00061 

a 6404 

1367 

.004n 

2900 

8.8440 

23.3570 

2&0562 

6A 4679 

30.4910 

2992 

-.00048 

A 16 , 1 

1311 

.00460 

3000 

8.8010 

24.2422 

25.9414 

63.7680 

29.4947 

2896 

—.00169 

5.7261 

1268 

.00427 

3100 

A 8774 

25.1291 

2Q.82S3 

64.0588 

28.5622 

2SO0 

-a 00268 

A 3128 

1227 

a 00436 

3200 

8-8928 

2A0177 

27.716© 

04.3409 

27.6880 

2722 

-.00395 

4 9250 

1189 

.00420 

3300 

8.9073 

2A 9077 

28.6069 

64.0148 

26.8671 

2644 

-.00525 

45005 

1153 

.00418 

3400 

8.9210 

27.7991 

29.4983 - 

64.8809 

2a 0947 

2570 

— .0062S 

42172 

119Q 

.00390 

8000 

A 9340 

28.6918 

30.3910 - 

65.1397 

25.3667 

2501 

—.00772 

3.8983 

1088 

.00388 

3600 

8.9462 

29.5858 

31.2850 

15.3915 

24.6797 

2436 

-0.00878 

8.5872 

1058 

A 06385 

3700 

A 9577 

30.4810 

32.1802 

85.6368 

24.0301 

2375 

—.01020 

A 2974 

1029 

.00391 

3S00 

8.9686 

3L3773 

SA 0765 - 

65.87CS. 

23.4153 

2317 

-.01140 

A 0227 

1002 

.00398 

8900 

8.9790 

32.2747 

33.8739 

6 A 1089 

22.8326 

2262 

-.01240 

A 7618 

976 

.00400 

4000 

8.9S90 

3A1731 

34 8723 

86.3364 

22.2795 

2210 

-.01362 

A 5138 

952 

.00390 

1100 

8.9987 

34.0725 

35L 7717 - 

6A56S5 

2L 7541 

2100 

-0.01459 

A27TT 

928 

0.00405 

4200 

9.0082 

34.9729 

3A6721 

66. 7754 

21.2544 

2113 

-.01570 

A0527 

900 

.00410 

! 4300 

9.0174 

35.8741 

' 37.5733 

6A 9875 

2a 7787 

2068 

-.01660 

1.8379 

885 

.00406 

I 4400 

9.0283 

38. 7763 

38.4755 

67.1949 

20.3253 

2026 

-.01772 

1.0327 

864 

.00420 

| 4500 

9.0350 

37.6794 

39.3780 

67.3979 

19.8928 

1984 

'-.01840 

1.4365 

845 

.00420 

' 4600 

9.0435 

38.5833 

40.2828 

67.6965 

19.4799 

1945 

-0.01923 

1.2486 

827 

0.00414 

4700 

9.0618 

39.4881 

41- 1873 

67.7911 

19.0853 

1907 

-.02009 

1.0685 

809 

.00426 

4800 

9.0600 

4a 3937 

42.0929 

67.9818 

18.7081 

1870 

-.02053 

.8957 

792^ 

.00427 

4900 

9.0681 

41.3001 

42.9993 

68.1087 

18.3470 

1835 

—.02120 

.7298 

775 

.00450 

| 6000 

9.0760 

42.2073 

43.9065 

08.3520 

18.0012 

1801 

-.02184 

.6703 

759 

.00448 

6100 

9.0S3S 

43. 1153 

44.8145 

68.5318 

17.6699 

1768 

—0.02220 

a 4170 

744 

a 00462 

1 6200 

9.0915 

44 0240 

45.7232 

08.7082 ^ 

17.3521 

1737 

-.02284 

.2093 

729 

.00475 

6300 

9.0901 

44.9330 

46-632? 

6S.8816 

17.0472 

1706 

-.02313 

.1270 

714 

.00498 

5400 

9.1066 

45.843S 

47.5430 

09.0510 

10.7544 

1677 

-.02861 

-.0102 

700 

.00513 

r 5500 

0.1140 

46.7549 

48.4541 

69.2188 

ia4731 

164S 

-.02389 

—.1426 

686 

.00530 

0600 

9. 1214 

47.6666 

49.3658 

69:3881 

16.2027 

1620 

-a 02421 

-0.2704 

673 

0.00543 

! 6700 

9.1287 

48.5791 

50.2783 

69.5446 

15.9427 

1594 

-.02453 

-.3939 

601 

.00553 

6800 

8.1369 

49.4924 

5L1916 

69.7034 

15.6324 

1568 

— 02486 

-.6134 

648 

.00577 - 

5600 

9.1431 

■ 5a 4063 

52.1055 

69.8596 

15.4515 

1543 

-.02507 

-.6290 

637 

.00583 

6000 

6.1502 

51.3210 

6A02O2 

7 a 0134 

15.2194 

— 

— 

-.7410 
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REPOET 1037 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


TABLE XLII— THERMODYNAMIC PROPERTIES OF NO (GAS) 


[Molecular weight, 30.0081 


T 

TO 

/ eal N 

\moIe/ 

h° t ■ 

/ kcal \ 
\mole/ 

s? 

/ cal \ 

4 ; 

4 H° 
RT 

•(-£) 

~w('F +A ) 

log AT 

■ t log K— 

=£I/L +( A 
100 \T* / 

a ” 

b 


c 

i 

(molt C K/ 

\male °Kj 

0 


0 

23.3447 








298.16 

. 7. 187 

2.1942 

26.5339 

5a 839 

207.8039 



84.8403 



300 

7. 134 

2.2068 

25.5515 

60. 384 

200.5399 



84.2876 



400 

7.162 

2.9208 

20.2655 

52.436 

165.2832 



01.8373 



000 

7.280 

$.4440 

26.7887 

54.048 

1216125 

— 


48.3348 

— 



600 

7.4Q8 

4.3812 

27.7259 

56.892 

103. 9835 



39.3132 



700 

■ 7.657 

5.1300 

28,4813 

56,556 

89.3049 



32.8650 



800 

7.833 

5.9090 

29.2543 

57.589 

78.2839 



28.0035 



900 

7.990 

0.7005 

30.0452 ' 

58. 620 

69.7015 


* 

24.2228 



1000 

8.128 

7.6000 

30.8507 

59. 8700 

62.8276 

6160 

0.03020 

21.1937 

2707 

0.02129 

1100 

8.243 

8.3246 

3L 6092 

80.1500 

57. 1974 

5606 

a 02567 

18.7115 

2465 

0.01723 

1200 

8.342 

9.1637 

32.4984 

easns 

62. 5009 

5143 

.02155 

ia6401 

2202 

.01500 

1300 

8.425 

9.9921 

32 3368 

01.5425 

48.5232 

4751 

.01873 

14.8851 

2090 

.01334 

1400 

8.49S 

10.8383 

34.1830 

62.1690 

45.1100 

4415 

. .01637 

13.3789 

1943 

.01147 

1000 

8.500 

11.6912 

35.0369 

62.7580 

42.1512 

4124 

.01410 

12.0721 

1815 

.01033 

1000 

8.614 

12.6499 

35.8946 

63.3122 

39,5596 

3869 * 

a 01232 

10.0274 

1703 

0.00914 

1700 

8.660 

13. 4136 

36.7683 

63.8358 

37.2714 

3644 

.01086 

9.9162 

1604 

.00359 

! 1800 

8.702 

14.2817 

37.6284 

04.3319 

35.2361 

3444 

.00937 

9.0165 

1610 

.00791 

1900 

8.738 

15. 1637 

38.4984 

04.8034 

83.4141 

3285 .. 

.00830 

8.2107 

1437 

.00740 

2000 

8.771 

16. 0292 

39.8739 

05.2524 

31.7733 

3104 

.00711 

7.4848 

1367 

.00645 

2100 

8.801 

10.9078 

40.2525 

66.0811 

3a 2881 

2953 ‘ 

a 00616 

6.8274 

1302 

0.00028 

2200 

8.828 

17.7892 

4L1339 

66.0912 

28.9374 

2826 

.00520 

a 2293 

1244 

.00583 

2300 

8.852 

18.6732 

42.0179 

0a 4841 

27.7035 

2704 

.00478 

5.0820 

1191 

.00525 

2400 

8.874 

19.6696 

42.9042 

66 8613 

2a 6721 

2593 

.00410 

6.1811 

1142 

.00500 

2600 

8.805 

2A 4480 

‘43.7927 

07.2240 

25.5308 

2491 

.00332 

4.7193 

1097 

.00168 

2800 

8. 914 

21.3384 

44.6831 

07. 5732 

215694 

2393 

a 00235 

4.2927 

1050 

a 00429 

2700 

8.932 

22.2307 

45. 6754 

07.9100 

23.6789 

2311 

.00154 

3.8973 

1017 

.00119 

2800 

8.949 

23.1248 

40.4695 

08.2361 

22.8520 

2230 

.00103 

3. 5299 

931 

.00412 

2900 

8.966 

24.0205 

47.3052 

08.5494 

22.0820 

2156 

.00013 

3.1875 

948 

.00380 

3000 

8.981 

24.9179 

48.2628 

08.8537 

21.3632 

2086 

-.00060 

2.8677 

916 

.00392 

3100 

8.990 

26.8167 

49. 1014 

09.1484 

20.6909 

2021 

-a 00130. 

2.5083 

887 

a 00371 

3200 

9.010 

20.7170 

sao0i7 

69. 4342 

20.0007 

1901 

—.00224 

2.2874 

860 

.00300 

3300 

9.024 

27.0187 

5a 9634 

09.7117 

19.4687 

1904 

-.00310 

20233 

834 

.00351 

3400 

9.037 

28.5218 

5L8C65 

09. 9813 

18.9118 

1851 

— .OO3S0 

1.7745 

810 

.00337 

3300 

9.049 

29.4201 

52.7708 

76 2434 

18.3368 

1300 

-.00450 

1.5397 

787 

.00329 

3600 

9.001 

30.3316 

53.6763 . 

70.4985 

17.8913 

1753 : 

-.00528 

1.3178 

765 

0.00334 

3700 

9.078 

31.2383 

54.5830 

70.7469 

17.4228 

1708 

-.00597 

1.1077 

745 

.00315 

3300 

9.085 

32.1402 

55.4909 

7a 9891 

16. 9793 

1000 

-.00668 

.9085 

726 

.00320 

3800 

9.096 

33.0552 

56.3999 

71.2252 

16 6588 

1628 

-.00740 

.7194 

707 

.00315 

4000 

9.107 

33. 9654 

57. 8101 

71.4656 

16.1597 

1588 

. -.00812 

.5395 

689 

.00325 

4100 

9.118 

34.8706 

58. 2213 

71.6806 

16.7805 

1552 

-0.00872 

0.3682 

672 

a 00320 

4200 

9.128 

35.7889 

50.1338 

71.9005 

16 4197 

1518 

-.00962 

.2050 

656 

.00324 

4300 

9.138 

36. 7022 

00.0409 

72.1164 

16.0762 

I486 

-.01009 

.0492 

641 

.00322 

4400 

9.148 

37.6105 

00. 9012. 

72.3250 

14 7487 

1453 

-.01039 

-.0997 

627 

.00317 

4600 

9.168 

38.6318 

6L 8765 

72.5312 

144362 

1422 

-.01003 

-.2422 

012 

.00320 

4000 

0.168 

39.4481 

02.7028 

72.7326 

141377 

1393 

-0.01108 

-A 3785 

599 

000328 

4700 

9. 178 

40.3654 

63.7101 

72.9299 

13.8524 

1366 . . 

-.01148 

-.5092 

586 

.00332 

4800 

9.188 

4L 2837 

64.0284 

73.1232 

13.6795 

1333 " 

—.01176 

-. 6316 

574 

.00336 

4900 

9.198 

42.2030 

65. 6477 

73.8128 

13.3182 

1313 . .. 

—.01220 

-.7661 

T»1 

.00350 

5000 

9.208 

43.1233 

- 66.4680 

73.4987 

13.0673 

1238 ^ 

-.01255 

-.8708 

550 

.00356 

6100 

9.218 

44.0446 

67.3893 

73.6812 

12.8273 

1204 

-0.01268 

-a9S22 ■ 

539 

0.00355 

6200 

9.227 

44.9669 

08. 5116 

73.8602 

12.0974 

1240 

-.01270 

-1.0804 

528 

.00308 

0300 

9.237 

45.8901 

69.2348 

710301 

12.3702 

1218 ‘ 

-.01300 

— 1. 1927 

617 

.00380 

6400 

9.246 

46.8142 

70. 1580 

74.2088 

12.1637 

1106 

-.01315 

-1.2923 

507 

.00392 

6000 

9.256 

47.7393 

71.0340 

713786 

11.9594 

1175 ^ 

-.01332 

-L3884 

497 

.00105 

5000 

9.200 

48.6654 

72.0101 

715454 

11.7629 

1155 

-a 01853 

— L 4812 

488 

0.00109 


9.275 

49.5925 

72.9372 

74 7095 

11. 5733 

. 1136. ’ 

-.01380 

-1.6709 

478 

.00429 

• 5800 

6.285 

50.6306 

73.8052 

718709 

1L3910 

m r 

—.01352 

— L 0570 

469 

.00441 

6900 

9.294 

51.4494 

74.7941 

75.0297 

11.2161 

1099 

-.01397 

-1-7415 

461 

.00147 

0000 

9.304 

52.3793 

76.7240 

76. 1860 

11.0469 




-L8228 
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TABLE XLIH — THERMODYNAMIC PROPERTIES OF O (GAS) 


[Atomic weight, 16.00001 


T 

<°E) 

Cl 

/ cal \ 

/'kcal'i 


«r 

/ ca 1 \ 

\mol£ °K/ 


Vmol&y 

Vmole °K.J 

Q ‘ 

298.16 

5.2364 

0 

L6074 

59.6041 

61.2115 

38.4689 

300 

5.2338 

1.6170 

61. 2211 

88.5010 

400 

5. 1341 

2.1348 

6L7390 

39.9915 

500 

5.0802 

2.6454 

62.2496 

41.1308 

600 

5.04S6 

3.1517 

62.7558 

42.0540 

700 ■ 

6.02S4 

3.6555 

63.2596 

42.8307 

800 

5.0150 

4.1676 

63.7617 

43.5011 

900 

5.0055 

4.6587 

64.2628 

44.0914 

1000 

4.8888 

5.1588 

6A 7629 

4A6183 

1100 

4.8836 

5.6584 

65.2625 

45.0945 

1200 

4.9894 

0.3576 

05.7617 

45.6288 

1300 

4.8864 

6.6564 

66.2605 

45.9281 

1400 

4.9838 

7.1549 

66.7590 

46.2975 

IJOO 

4.9819 

7.6532 

57.2573 

46.6413 

1600 

4.9805 

8.1513 

07.7564 

46.9628 

1700 

4.9782 

8.6493 

68.2534 

47.2846 

1800 

4.0784 

9.1471 

68.7512 

47.5492 

1900 

4.8778 

9.6450 

69.2491 

47.8184 

2000 

4.8770 

10.1427 

69.7468 

43.0737 

2100 

4.8778 

10.6405 

7a 2446 

48.3166 

2200 

4.8784 

11.1383 

70.7424 

48.5481 

2300 

4.9796 

11.6362 

71. 2408 

48.7695 

2400 

4.9812 

12.1343 

71.7384 

48.9814 

2500 

4.6834 

12.6325 

72.2366 

49.1848 

2600 

4. 6862 

13.1310 

72.7351 

4a 3803 

2700 

A 9897 

13.6298 

73.2339 

49.5686 

2800 

A 9935 

14.1289 

73.7330 

49.7501 

2900 

A 9986 

14.6285 

74.2326 

49.9254 

3000 

5.0041 

15.1287 

74.7328 

50.0950 

3100 

"5.0102 

15.6294 

75.2336 

50.2592 

3200 

5.0170 

16.1307 

75.7348 

50.4183 

3300 

5.0245 

16.6328 

76.2369 

5a 5728 

3400 

5.0325 

17.1357 

76.7398 

50.7229 

3500 

5.0411 

17.6393 

77.2434 

5aS889 

3600 

5.0502 

18.1439 

77.7480 

61.0111 

3700 

5.0699 

18.6484 

78.2535 

51.1496 

3800 

5.0700 

19.1559 

78.7600 

51.2846 

3800 ■ 

5.0505 

19.6834 

79.2675 

61.4165 

4000 

5.0914 

20.1720 

79.7761 

61.5462 

4100 

5.1028 

20.0817 

80.2858 

51. 6711 

4200 

5.1140 

21.1925 

80.7966 

51.7942 

4300 

5.1257 

21.7045 

81.3086 

51.9147 

4400 

5. 1376 

22.2177 

81.8218 

52.0326 

4300 

5.1495 

22.7320 

82.3361 

52.1482 

4800 

5.1616 

23.2476 

82.8517 

62.2615 

4700 

5.1738 

23.7644 

83.3685 

52.3727 

4800 

5.1860 

24.2824 

83.8865 

52.4817 

4900 

5.1981 



52.5S88 

6000 

5.2102 


84.9261 

52.6239 

5100 


25.8436 

85.4477 

52.7972 

6200 

5.2344 

26.8664 

a 

52.8938 

6300 

5.2464 


86.4946 

62.99S6 

5400 

5. 2583 

27.4157 


/ 53.0968 

5500 

5.2701 

27.9421 

87.5462 

5$. 1933 

5600 

5T2818 

28.4697 

88.0738 

53.2884 

5700 

5.2933 

28.9985 

88.6026 

58.3820 

5800 

5. 3047 

29.5284 

89.1325 

53.4742 

5900 

5.3159 ' 

30.0594 

89.6635 

53.5649 

6000 

5.3270 

30.5916 

9a 1957 

53.6514 
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TABLE XLIV— THERMODYNAMIC PROPERTIES OP O, (GAS) 

[Molecular weight, 32.0000] 


T 

(°K) 

/ cal \ 

Rt-Hl 
/ kcal N 
vmole/ 

Hi 

/ kcal \ 
\moie/ 

S? 

/ cal \ 

A H° 
RT 


”w(?+ 4 ) 

log A' 

t log A'- 

w(?+') 

Vmole “K.J 

^mole °K ) 

a 

6 

c 

d 

0 


0 

2.0302 








208.16 

7.021 

2.0747 

4.1109 

49.011 

199.6836 



80.6182 



300 

7.023 

2.08/6 

4.1238 

49.056 

. 198.4696 



80,0807 



400 

7.196 

2.7977 

4.8339 

61.098 

149.2019 



68.6109 



600 

7.431 

3.6288 

5.5660 

52.728 

119.7013 

— 



46. 5311 




eoo 

7.670 

4.2841 

6.3203 

54.100 

99.9669 



30.8580 



700 

7.883 

6.0620 

7.0982 

65.303 

86.8510 



30.0499 



800 

8.063 

6.8596 

7.8968 

56.368 

76.2496 



26.9654 



000 

8. 212 

6.6737 

8.7099 

57.327 

66.9937 



22.3515 



1000 

8.338 

7. 5012 

9.8374 

68.1990 

GO. 3812 

5920 

0.02853 

19.4400 

2604 

0.01823 

1100 

8.439 

8.3400 

10.3762 

68.9983 

54.9654 

6392 

0. 02417 

17.0646 

2370 

a 01550 

1200 

8.627 

9.1883 

11. 2245 

59.7364 

50,4479 

4947 

.02001 

16.0640 

2173 

.01322 

1300 

8. 604 

10.0448 

12.0810 

60.4220 

46. 6219 

4569. 

.01873 

13.3777 

2009 

.01200 

1400 

8.674 

10. 9087 

12.9440 

61. 0622 

43.3396 

4245 

.01700 

11.9307 

1807 

.01083 

1600 

8.738 

11.7793 

13.8155 

61.6628 

4a 4926 

3963 

.01642 

10.0752 

1744 

.00960, 

1600 

8.800 

12.6662 

14.6924 

82.2287 

37.99© 

3717 

a 01623 

9.6760 

1637 

0.00826 

1700 

8.868 

13.5391 

15.5763 

62. 7640 

36.7970 

3499 

.01501 

8.6044 

1542 

.00743 

1800 

8.916 

14. 4278 

16.4640 

63.2719 

33.8787 

3306 

. 01473 

7. 7403 

1458 

.00643 

1900 

8.973 

16.3223 

17. 3686 

93.7556 

32.0845 

3132 

.01420 

a 9666 

1383 

.00550 

2000 

9.029 

16.2224 

18.2586 

64.2172 

30.5043 

2976 

.01386 

a 2695 

1810 

.00491 

2100 

9.084 

17. 1280 

19. 1642 

64.6690 

29.0733 

2835 

a 01 368 

5.6384 

1253 

a 00450 

2200 

9.139 

18. 0392 

20.0754 

65.0829 

27.7711 

2707 

.01324 

6.0643 

1197 

.00407 

2300 

9. 194 

18.9558 

20.9920 

66.4904 

26.6809 

2690 

.01283 

4.5398 

1 146 

.00370 

2100 

9.248 

19.8779 

21. 9141 

65.8828 

26.4880 

2484 

.01200 

4.0688 

1099 

.00330 

2600 

9.301 

20.8054 

22.8416 

66. 2814 

24.4833 

2386 

.01101 

3.6157 

1056 

.00295 

2000 

9.364 

2L 738I 

23.7743 

66.6272 

23.6640 

2295 

0. 01120 

8.2006 

1016 

a 00280 

2700 

9.406 

22.6761 

24.7123 

66. 9812 

22.6928 

2212 

.01000 

2.8277 

980 

.00210 

2800 

9.465 

23.6191 

26.6553 

67. 3241 

21.8922 

2135 

.00979 

2.4766 

945 

.00204 

2900 

0.603 

24.6670 

26.6032 

07.6568 

21.1402 

2063 

.00913 

2.1477 

913 

.00187 

3000 

9.661 

26. 6197 

27.6689 

67.9797 

20.4494 

1997 

.00831 

1.8415 

883 

.00106 

3100 

9.896 

20. 4770 

28.5132 

68.2936 

19. 7969 

1935 

a 00761 

L 5550 

855 

0. 00161 

3200 

9.640 

27.4388 

29.4760 

68.5990 

19.1846 

1877 

.00071 

1.2802 

829 

.00129 

3300 

9.682 

28.4049 

30.4411 

68.8963 

18.6091 

1822 

.00622 

1.0337 

804 

.00123 

3400 

9.723 

29. 3752 

31. 4114 

69. 1859 

18.0070 

1771 

.00540 

.7960 

781 

.00106 

3600 

9.762 

30.3494 

32.3856 

69.4683 

’ 17. 6656 

1723 

.00409 

.5718 

759 

.00097 

3600 

9.799 

31. 3275 

33.3887 

69.7439 

17.0723 

1077 

0.00426 

0.3600 

739 

a00077 

3700 

9.836 

32.3092 

34.3454 

70.0128 

10. 6148 

1834 

.00360 

.1595 

719 

.00069 

3800 

9.869 

33.2944 

35.3306 

70.2756 

10.1813 

1594 

..00278 

-.0304 

700 

.00071 

3900 

9.901 

34.2829 

38.3191 

7tt 6828 

15. 7698 

1656 

.00226 

—i 2106 

682 

.00070 

4000 

0.932 

36. 2746 

37.3107 

7a 7834 

15.3788 

1619 

.00161 

— .8818 

065 

.00070 

4100 

9.960 

36.2691 

38.3053 

71.0290 

16.0067 

1484 

0.00107 

-a 6447 

049 

O.OOOC8 

4200 

9.987 

37.2665 

39.3027 

71.2698 

14.6523 

1450 

.00069 

-.0999 

634 

.00056 

4300 

10. 013 

38.2665 

40. 3027 

71.6046 

14. 3144 

1419 

.0001Q 

-.8479 

019 

.00062 

4400 

10.037 

39.2690 

41. 3052 

71.7351 

13. 9918 

1388 

-.00014 

-.9892 

600 

.00043 

4600 

10.000 

40.2738 

42.3100 

71.9609 

18.6886 

1359 

-.00063 

-1.1243 

092 

.00050 

4600 

10.081 

41.2809 

43.8171 

72.1822 

13.3887 

1331 

-0.00089 

-1. 2636 

579 

0.00051 

4700 

10.103 

42.2901 

44.3263 

72.3993 

13. 1004 

1304 

-.00127 

-1.3772 

507 

.00048 

4800 

10.121 

43.3013 

45.3375 

72. 6122 

12.8300 

1279 

-.00162 

-1.4968 

550 

.00003 

4900 

10. 139 

44. 3143 

46.3505 

72.8210 

12.0700 

1264 

-.00190 

-1.0000 

543 

.00000 

6000 

10.166 

46.3290 

47.3062 

73.0261 

12.3277 

1230 

-.00208 

-1.7188 

533 

.00049 

6100 

10.172 . 

46.3454 

48.3816 

73.2273 

12.0880 

1207" 

-a 00232 

-1.8238 

522 

a 00062 

6200 

10.187 

47.3634 

49. 3996 

73.4250 

1L8688 

1184 

-.00240 

-1.9248 

512 

.00060 

6300 

10.201 

48.3828 

50.4190 

73.0192 

11. 0378 

1162 

-.00248 

-2.0220 

502 

.00004 

6400 

10.216 

49.4036 

.51.4398 

73. 8100 

11. 4251 

1143 

-.00282 

—2.1156 

493 

.00050 

6600 

10.228 

50.4267 

52.4619 

73.9976 

11.2201 

1122 

-.00280 

-2.2058 

484 

.00057 

6600 

10.230 

61. '4496 

53.4868 

74. 1819 

11.0220 

1102 

-0.002© 

—2 2928 

475 

0.00067 

6700 

10.260 

52.4735 

64.5097 

74.3032 

10.8322 

1084 

-.00310 

-a 3758 

400 

.00070 

5800 

10. 261 

63.4991 

66.5363 

74.6416 

10.6483 . 

1007 

-.00335 

-2. 4079 

458 

.00077 

6900 

10.270 

64.3260 

56.6618 

74. 7171 

10. 4709 

i2o 

-.00343 

-2.5363 

450 

.00080 

6000 

10.279 

56.5631 

57.6893 

74.8898 

M.299S 

— - — 

— 

-2.6121 
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TABLE XLV — THERMODYNAMIC PROPERTIES OP OH (GAS) 


[Molecular weight, 17.008] 


T 

(°E) 

C? 

/ cal \ 

/ fccal N 
\mole/ 

Hi 

\.mole/ 

Sf 

/ cal \ 

A 

r A H°\ -ST/ a , 

\ rt) 100 VF*v 

log AT 

ITosK— 

^(fK) 

RT 


b 


c 

i 

\,mQle°E/ 

\.mole°K/ 




44. 7266 













I7CL 7827 



69.3677 








109 7395 



68.9110 








127.6916 



50.4585 



500 

7.048 

3i 5350 

48! 2616 

47! 553 

102.4572 

— 


89.3522 







48-fWO 

85.0303 



3L 9260 








73.0091 



20.6057 







fin ST T 

04.5888 



22.6043 



600 

7234 

0.3774 

5l! 1040 

51.723 

57.5082 



19.4833 





1000 

7.333 

7.1060 

5L 8320 

52.4910 

5L9464 

5031 

0.02SI4 

10.9801 

2227 

0.02885 

noo 

7.440 

7.8446 

52.5712 

53.1919 

47.3419 

4575 r 

0.02930 

14,9267 

2029 

0.02457 

1200 

7.551 

8.6942 

.63.3208 

53.8470 

43.5001 

4194 

a 02015 

13.2113 

1863 

.02172 

1300 

7.663 

9.3549 

54.0815 

54.4559 

4a 2448 

3873 

.02777 

11.7565 

1723 

.01909 

1-100 

7.772 

10.1266 

54.8532 

55.0278 

37.4506 

S5S9 

.02607 

10.5067 

1603 

.01673 

1300 

7.875 

10.9090 

55.6356 

66.5675 

35.0262 

3361 

.02478 

0.4213 

1498 

.01535 

1600 

7.973: 

H. 7014 

56.4280 

50.0788 

32.8998 

3153 

a 02340 

8.4697 

1407 

a 01355 

1700 

8.060 

12.5033 

57.2299 

56.5550 

3L0217 

2070 

.02210 

7.6283 

1327 

.01198 

1800 

* 8.152 

13.3142 

5S.0408 

57.02S5 

29.3480 

2808 

.02041 

6.8793 

125 5 

.01087 

1900 

8.233 

14.1335 

58.8601 

57.4714 

27.8513 

2663 

.01890 

6.2079 

1190 

.01020 

2000 

8.303 

14.9605 

59. 6871 

57.8950 

26.5009 ‘ 

2533 

.01731 

5.6027 

1133 

.00898 

2100 

8.378 

15.7948 

60.5214 

58.3027 

25.2774 

2415 

0.01017 

5.0542 

1080 

a 00839 

2200 

8.443 

16.6359 

01.3625 

58.6939 

24.1635 

2308 

.01482 

4.5549 

1032 

.00790 

[ 2300 

8.504 

17.4832 

62.2098 

59.0705 

23.1452 

2210 

.01387 

4.0983 

989 

.00702 

2400 

8.581 

18.3365 

03.0631 

59.4337 

22.2105 

2121 

.01260 

3.6792 

949 

.00650 

2500 

8.614 

19.1652 

63.9218 

59. 7842 

21.3195 

2038 

.01185 

3.2931 

912 

.00008 

2800 

8.663 

20.0591 

64.7857 

60.1230 

2a 5638 

1962 

0.01093 

2.9363 

878 

aoosoi 

2700 

8.710 

20.9277 

65.6543 

60.4508 

19.8162 

1892 

.00909 

2.6055 

846 

.00546 

2800 

8.755 

2L8010 

60.5270 

60.7684 

19.1305 

1820 

.00934 

2.2979 

817 

.00488 

.2900 

8.798 

22.6780 

67.4052 

6LO704 

18.4915 

1705 

.00877 

2.0113 

790 

.00457 

3000 

8.838 

23.5604 

68.2870 

61.8753 

17.8944 

1708 

.00813 

, L7434 

764 

.00435 

3100 

8.877 

24.4462 

69.1728 

61.6858 

17.3358 

1655 

a coni 

1.4926 

740 

0.00415 

3200 

8.913 

25.3357 

70.0623 

6L94S2 

10.8107 

1605 

.00694 

1.2572 

718 

.00372 

8300 

8.949 

26.22S8 

70.9654 

62.2230 

16.3174 

1558 

.00046 

LOS50 

69< 

.00360 

3400 

8.982 

27.1253 

71.8619 

62.4906 

15.8S7 

1513 

.00621 

.8273 

677 

.00327 

3300 

9.015 

28.0252 

72-7518 

62.7515 

15.4142 

1471 

.00579 

.6306 

650 

.00304 

3600 

9.047 

28.9283 

73.6549 

63.0059 

14.9998 

1432 

100527 

a 4445 

641 

0.00280 

3700 . 

9.077 

29.8345 

74.5611 

63.2542 

14.0075 

1396 

.00489 

. 2684 

624 

.00279 

3800 

9.107 

, 30.7437 

75.4703 

03.4966 

14.2355 

1359 

- .00161 

.1014 

606 
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